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^jUlllJ 4 jjjo 1| 0jljj 
AjlauJj Aj^l'ill ajljj 


iJl a jljj 


^ujUl yjf 53 UaJlj OUJ'il 
4 _jli x*j>m jJuJ ,i.l w-LJb 
: ^IUIji%LJ^UII 
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J'jVt IiXlC Ji$A?KJ* 

: -»IjJI...OjnuJI 


ib£ll 2 jUa : ^jruli 



) Gly jU=JI > uU? yjfl 2 du)l 

jMMt J 

jjl£ 4 j 1 jf» Mj nfljJijV 1 3 LJSU3) uLmuJ JlIa olI jxmj j MtC OjX 

(jJJ^LiXlj ^ljjj^lj £-a LLuiU. ‘ li j ^ Mu a LujJ 

uLg. mJI j^yJj (jxxstuxxu LtLix-c. OjLS' (_ylll| <La jLi>l l S ,Lj,,u J| d il j Jj_>- 
* I jul jjK A*il| (jc. uxLdjjj V ijjJl I $t a j » jjJ j oj-ju£ ^jL>.l <*•■ < j v- 

jL£ (_yjJI i j -xj < i ) •v U.I (j-a 1 ^ ‘il Luij Cj^jI J_d o Ijji_i> JlLq clK 
^jj i4-xjI J-xjVI (jxijljJ,! (JIj—>■! —ua| 3jjj—us 1 $ -^ dl—j-i (j>» 

jLL£ . .oLflJ lj>JIj AxijVl (Jjxxxua ( _ 9 1»>J t^ x L ul lj (^ yftU JI Ltljluua 
j| (JJ_xiJ| JjjJI jO-l^Lt, A liUj JlJU Cx^jjf L«_£ « L^ lAJ (jiiLurVl 
Jjl- 4 J (JjJI (J-ilaJl (jlj 1 jLLjVl jxxu Lo ^_*1 (_^A <L4_iU ill 
li-£• i-4' j Sj■•5rnU <LI J_JI jJt jUj (j! J 1 3" 1 << a uLj ^jVl 3jJ_JI 
SJjUI tiilj (Jj—» (jj’xii'H—>. (jcfcJJ C-i.Ji.-un l A _i A -,■•>. fc 
4.1,T fc-u r> (_yicl Vj i(JiifliJ| (_^5 (Jj-ñ (j-o J->»1 jfcJ IjL. .. o j.jii i ^t l 
4jjj—uaJL^Vl 4 jUj- 1 ut-<a jl jjjialj—<al (jja 4 _j-j_xo_j JlS La jl <-Ud 4 















{Jjic. jjAlaJI (jyii |«J lill .* 3-jjcL»a.-vVl^ 

4- j . I ^jC £y» \ fl.j uljSL i (^U! t 3 rtLl>JLl d>Lci.i laiVIj tcGlj-vjj (JiJaJT 
4-U-wJjAJ.I t-iliJI {_>*juJj S^lj—flJI <Uol ,-TfcJj t^viijJl 

4 t L ^ A 

m L&Hj L f l-tti- q j (J f |jbju« CtSjJI (iUj ^ (_gj i^i II {Jilvtl 

4Jiua-5e-ij u La - ^ - u j OjS ^yA < C L fl Ua ^3 L«v 4_i L..C Ly-t-saJj (^y-j-ujjJU 

jjj i_j ^Lai iU (JjjJI ^jall ^j-Sj^ t^c^fl M_> LJT UaLv. 

L)f ^jUJt CijLi^ *LLulJ| jS-T Laf tijj^vf 4_yuijj-) liuir 

.JuSj <U-xC. {jA (J^UkJ ol AjL^ tdji^lill (Jjfl C_>b5U| 

jj. i^-A (J-td. r t .u iAi J^JU (jf L 4 I jJl£ <4j4_Ja_*JI SJlU-uJI jJiL£ 

>£jt ^Ja j^^»*i *J» rt w < <»JI |. t A fL Lj l I I 4jL j (jtf 

<3*1j_ 2JL» VJ ^Li V tiUi (_p (jf Cti-uJL^I a_SJ tj 5 a . ^ 

(J^L^. <j-4 Vj i. .j^ajf jjLt V I-n 1'.‘lj 1 Jl JJf'l -y^jlyJL Sa.iji fttLj 

* * '■■vi’Nfe fS: ' 

^jjj-uj ^ 4 iiri . l-r j j iLjj-ft-ux^oj ^LSLu*; 4 

i4Jl-f->J jLlnJI t4 j *4 LaJj_Sj (^uJI 3-iU.I (J^Lv (j-« (jJ-Ujj tpSLj j^j 

(j^l—flV| (j-q (^j-st—u< |ULc (^J u>LuSJI IJ-Ji JjL-v j-o j_al i / 1 j 4 

■tflP'j ^LU^KiVlj 

i.«i5j (jJojJ 1 4 JJ- 4 4>fji t3j^Lill.^AJU (jUjjViiJi (jiiuJI C a m X 

£jjf Jljuj t(jJj_t5i-jJ|j (JjLssII (jj-SJl (_fljL-ut-o (_yic 4 AUii ) g-uajj 
t5_oj_*Xtj Sj_i S SJf ^L-vVl [j3 a-aLkJI o Ui^ ll (j^ djljit-ti 



(jljj-ui 1 j ctbg£l jl^ SjjIjJI SjSLAJI co K 

(^jLaJl Jjjjlj (JJJ u « *f l (JJ-aII Ijy^ ^^L-Sj ^J J-U i -O ^ Inf f 4_i_- > Lu3 

>g3j-U/Vl ^-L tSU D ..jJjjAJIj 

,o5jJ| j-tii.i S_S_i_4_Cj 3 -I o . j -luj 3j_ujV| <jJxSLa 5 jSl3 OjLSj 

i.ii Atl s-LjI jjjjUs ^ 3*1j_ill 3iLc. j-tij-i-i ^j-dj jt ^yAj 

I 'jjb jl jL^jifj ..^jLp- jjs lcj-Li. JxS jjs ujLiSJ! j-Sj jj jJl 

UJI A31 j~4 jjj-ie-xxjj j-0 (j^AJ jLS J_3_3 t LoUj Jl^ l-SJ-^JI 

Jj-oJI A 4 jIj <Jjj_3__usu flj._La j-« Jta_>JI (jAjUt-o X(_^j. irfajl 

3 i~&a jjJuurt j-o dilj.lx.il j m( f. Jjuj jVl 4jf Ji, 3" ulfj i<Lj 4 ^it~l,tlj 
^JLtJlj 3<i|j—3J|j i— j! "iK. II ut 4 ji JJJJ >L <_jj_4-i-iij l j jOk. i, x^a f iSj_j_uVl 

tli|j_lf| Ct*J 3jLcj jU t » Vlj (j- 0 -C.Vl lAjl^J! jSJ ,.4J9j_jtXlj 

J^jj IjlAJ i4_aVl tfjL^J AjJL>JI ^y-cljjVlj ^oLl lj (^jSLlJIj ^yJjVl 

ULc 4jjSLii|j 4_Al. 3.M1 UjjLLaj L#j jLj ^jLSJLi Jj-llL 

JjOjjJ (_fjuual,| jJj-lIJI j—uac 4j *L»- 1-4 4 plrir J-SjJ >^Jj-aJ| 

Jtji i ii V|j UjSjLqJiI i»>UaJl jj -ua . c . j_* <1^ (^yJj-tJl |0-JL*J| 
*<oALfljJl 4 J 1 jfc, ui (j i ñj tj»i_L_fl_Jlj ^JjlJI j-U ftjft. jiu-ftJ l_ij-jlA 

..^JL*J! l$Jj* ^Lili Lajj*-o3.j 

| | j / #.i ,i.i VI 3 i ,< d Ct.at_j-i.-af La Uj 

(jVI 3jjj»jja c-jLjS jjj>Lo 3j u < c j-o ju-Sf fJLflj (J-loIjjXIj ( ^l' - o tl 
oX£t> CiJ-ajj CijSLfl ^jjJI 3j U -ut H 3jj-ua (J 4 -J 1 J i^gj -ua a Cuu ^ 



(^iolj-o Jti\ £\^\j ya Sj_-L3-jJI 

^JLxll ^yia UjJj 4i t-> 2 « ,.j irt - fl ^Ja o*ui <LL<!« j»t <jLS M--JL> 

j-ul— lm ! ^y-A Lj-jSJI <?J i- A 1 ^ 4 «<->.*» (jylll *M\ CUi> j—t-ofj . . 4-K 

oLojjjJIj 4jJjjJ| JjjJI Iñfc A Cu«u-ua tj < ( JjJolt aX I (jlo|j-a (jjjSlil 
. L^jUsjI 4-jjOtil I (jjxLaj uALaJ 4jJjjJ| 

Laj taJJ C« • «~v •*—LU 4 «; j IaC 3 Jl_i «<«J ^la*. -iju* 4 jL^ J-A 

3..«ij rtll JjLa ‘£j(j J .>- i 2 t '* oU> pt i JjrtiojuJll (jj^ 4 Il>-Lj 

(<[£tjL-U* 4^4 jJojiJ| 3Jl_ujJ| 3-LJ^I .. ^r -. -v J|j 

/jL,, jtljLij <(J t i 3~ mU (Jjjkj J LgJj Jb5 (jrLc. Jjs. >L> lo*J U>lji=>.|j 

. Jj Jlo. (jJojJ -bJo. 

tu-lbS^ (JS" (jrlc. 5 ya UJjLj«4 3J j- <- u I' 3 jj_U 3 (Jt aT i-uij 

u .< 

{_yu Jj iJUb (Jjixl t^jLupJIur^J 

|ju* ^ Oj^J U3J oL^t^/fi^LflJL 

Ja3 Jj .. 4j 13 jLoJi (jJojJ| (jLuu>f| .vñ 4 I-V. ffi i y* • | | 

.Sl^aJI 4 j&l 4 J 0 JJJ lK 

jb>w jMu 



43JlJSi d)Laj\/ij jj_y£L*Jl j/S' AaJU vj'VI fiL^i ■ ./?C- AiliaJl 
jwiJ ^L-JL-* . L)lSL_4 ^ ^ 4_jL_fcli jj l)L-_jVI asAj 

. ^jUJ-i ^-i^ll j ^jfj^Ulj ^yJ-^Ji fJJliij 

. ol-LJIj iw^j^JJJ Jlj^l jj-~>-j 4^fckjJJ I j^y Oujj 

jA JjVl i UsliaiJ oUwwJj o^LUi .Uli^-i <_Jjj*^ j> Ui'j 
l^iL^T {jaj . Xj^> aSU? j (Transitional) iJUx^l AiUJi 
j^j; (Stored) o>J.I SiUJf ja ^WIj t i,!>1 <iLkJi 
aj5 JU ^ £—3 j* jf LlUJjl ^iUaJi 4—LS" <La ^Lp 

ULp <i—s /l J J ■ jJi <iLL_S" <Uy2j *yi ijiLJ-i JUm-a ^ 
lI-o- ^jaJbLixll ^illaJl JliJil A^Ul coLpj^—j^ SJ«p Jj>-jXi 
~^UaJij* <L?U<*—«-*>^I SilkJij 4 ,.,..... LUajj^ — 53i ^iLkJi ; — UJ 
iiLJJIj 4 jjj_jJ| 4 —»lkJl Ly-i jTj LfU-JUUll 4—^LkJlj L_»jljLi 

. AjL^jÑJl 


6Lj^/I QvmIiJI AiLL-Jl j^Lyxo *-v*J U >j 

£oIaJ|j UsLoaJI iiUaJl y* Jj^/I • j », /3 * 
^ La a- l l ^ jj^jVl £-U- ^J\ J^a lJ ^yJlj WjVl 2j£Jl jUaJ 
UajIj UjSLJ-I iSlUj ^SLlaJI J—«-i*jj ^yj-jULl 

^ qLj o MI j^Uj . i—*5”!j—^JIj ^»_j»vlJ| £ja oLu^_J-1 aS\1p 

jJiL* <SliaJI j—a <£y*~\ JL^-5T Jj-yai-l J* USL—viuJl iilkJl 

. y> a—< oli o-vJaUi-y!j yS 4jU> U^wo—s!L 1I ifUaJl 

j* L^UJl c^Lk—pxllj jUx^-Jl jj^-lj -Ul 2 _jLU LLIj 

iilia—]| j^U oj> Oti Jj c)I jJ l ! I <UiLsM 2iU» 

<U.JaJ ifUs l|jl AfUiVlj oi Jj>«2*j j-sLa^ *Ljl,,ad)l 

• 4j jL> jJ>j 

® j^j- 0 j jVi 81UI ^lUU ^yUJ.I jwU^-UU!-,. 

UsUk^SJl iSUajl | J.-vtjj . UU?L jt j^jVl ^isuy L ^Up' *\j+* 
(jUlj ^ijjUI isLkl Ua.!j . (jj yUU I jUJlj Jjj^lj ^->*Jl Ji* 

j! 4jjlla.«.lV , l A j-y. AjjjXII O^ULftlUJ A^t-j U*1 p JjyaJ-l j5xX 

‘4>-jJ (j*ilj 4*_8jUl 4 jj| jiUl AfUaJl SIJS c_Awy a , 1 j . 1 

oji-ya jy^P jt jk- *L* jt jUxJ 40vA (>jVl (jUUlj 

• ?jL>- 


A 


4.-o._I aII isLJaiJl t-Aj 3a1* ^ cjjl—lil l li . J j* jA I. Ig ,j -boj 

ijlj*., ,*i u-jLS^ 4— 4 jyla.l' aJ—* ^jl J. O .. J L . t |»ji *Jl ia^M* Jj 

jg* 4__4 jifljJ-l aJjti u~^ ^jliii oll-^Ji Ul . 

LJjjJ 0*3jJi byyflJij . -Jlj ^jJl ‘JjxJt-4 0 jUi» (jijL*U 

L^Jl*J| 2iUill jJj U— J>\ ji^ iaL-* Jl lIJJJj j^J-l 

Oulj 4 ---■Ll £jjj f!j^Ui LUlj-- £j^r 

^^JUJl V jUNl jl^ll Jb^fl £ c ifj-S3l 0^11 Ui4 
JiiL£ aUjj^/Ij ^JoJixU i—J—jr-jl j— 4 *J W ,i i iw0 j U_jji? 

. SU-I OJ^i l>t4 

i» * 

4 4 4 Jjjxll Jj -ilj 


pm\*M*4&±y I 



: (Solar Energy) 3£lLlt 

^ L_illaLj j>\., «q - 1 ' —Ji 01 tijjj«_Ll ja 

i ^—j 01 i~ij—sij*S/l L ; —fTjS - 

<jjji Oii (Nuclear Fusion Reactions) L*-Lxl SjjjJ oMpUt 
oljJJl s-LJk Oii jsii—ill l$J* L - 0 —A+& o-—Qy^jjwL g I' olji 
oJLft> {j~£> ^X-Xjj . J_>-lj OjJJj—; \—$jI ji A—Jjjt f-lj-X^-S/ 

^Jsu- ,j—Ij. i+La J —-£+p J. ya —j ^w>- <ijl—& 431-1=3 oOUl—ol 

jA Uoj? j <LjLJIj 4-jlj-J-lj aJLJ^/I sUU JiSL ^JJlj jijjlI 
ju^L Jl_L« 4jJX-i»ilj L) A^jjodl A^Ua-JI j^Lya^ *1 J-y>Nl 

■ e5*^ f jliJlj (Jjj^Jlj p-xjJl Ji« (JWvJl 

! jSLli U>-LuJjVl Ajjjlll oOLpLOJI sLft LLjI jaj 

{ D 2 + ^D 2 -> 2 He 3 + 0 n x + Energy 
♦ 

.jD 2 + ^T 3 -» 2 He 4 + qH 1 + Energy 

tyS* cy 1 ^ ^Lo;i Jj'VI JpUJI ^ 
t ( 2 He 3 ) f*jJ+J! jjc* jLLi Jo-t g^jj (Deuterium) (^D 2 ) . 

- u --- 



O* Sji sljj J^Laxil U Jj 

* ^ 2 He4 ^ psM gpj (Tritium) (jT 3 ) 



^iUall jndJill 





















: (Photosynthesis) ji^ji j-i *n 
*Lj—-J-i 4.. L ». * Ji 6j»A J~£\i j! lAj— j -J 

jfitj jLj)U ^Luj «uL>wa< *U3i j ^j*SGl p-wiJi ^j>-[ 
L sl*>- iillA O—jLT li L^Jjju <_ji ul*« g - AjUjL-Pt^o wL*>» 
A oL-jLJi J^L*- >> <l>a£ 4 ,.. ,L»jJi oXfij . o>jMI 
— 1 L Cr“ Oj-^j^!l . L —w^St >L jl— '& ^azc 

^lll Llj . Aj*ia£~\ i^iijji (_£* ji-i (Stomata) jjiiJL 

e^L« ijj>-j ^_>j 4 JJ«4*t ^JaUjj 4—>Jl Jjfi iJL—»li ^^UVtj 
(Solar Energy) L_^^i LJUaJij (Chlorophyll) JJjjjJKH 

z \jii ~U l_£_Jw*j LJLlJI jji* <L—jij-L&jj^_^Ji iijii Sfji _ s*2j 

jIp (j-lia.Jj 4-_Ju*_*Ji a J. & J}L>- j . <L_Jjj^/f iiji-ij 4—L ftjJi 

. (jy>“ jU'S/l 

aj j*/i£~\ oL-jLlJI <1)! t£j 6jS^i (Jj L lJI (jLww-JI {j*j 

LjL,»_ ,.S 4JlL> L^-Lj^ J_ ju <Lw—o-«tJi 4iLLJi (jjj “>-‘V ia. i jS” 

>J!j oLIjJ^i iiLkll e 1* Jirj L^ia j (Chemical Energy) 

(^JJij jl~3)/l >1 (js->-\j . oLUl I^jsLJo > *u_x>J 
olkJi jA sJls^ d*->- oLljJ-lj oLLJi (>-- JS' (jip iS^^i 
. (Energy Pyramid) oliaJl ^j$j L j*j L> d&>^ U^> 

--—- \r -——*—- 



oLUJl ^lj—• u! MyaJl IJLa ^ ^SJj tl)I *Ua 1| j^j 
oJj£ <j?rUl J"~° oIjLJIj oUljjcJ-l UI-5 j ^ 

Lffjj Ljj—XSCJl ixi-Jjll 5IjljiLij ^jLjl Jajwa-Jl jJl^ 

• (j g - ^ J J l jUlj c^j ^U^iVl Js»UJl ^yix j 

JjUI j^Jl J —•*°i oULJl j/* ^ ~—t J-&* p-^Ul Ul 
jj\ J-Ui/I ,J^ UJI ^iUaJl j LJli iJiLft.J . LfcjS'i 
jU—llj Jjjt-Jlj p->w«_Jl Jla 5i-L_>oll 4—jwiJ—aJ( j_ j_J jJ| 

•c**^Jl 




HACNfl 1C 


LSL- 

fUClROSUTlC 






















Jj^ll <_jU! 


)» —'M fl 
(Coal) 

: 

4S*^L$l*iI ^lj U-S' . tJwJI ob Jio p>Ul 2-jjJUl c-i jP 

Ljjjl <■—jpUUl ojj—iJl oJ. ; , S A^jJb 

Ua j*j>b —oJ| Jij , ji>«Jl >> XiUaJl -L- 1 jjj OiUl jfr s> 

uf—^- jJU-Jl > UJ—>cX^_il ^iUaJl jjl— msw A-j j—lU 

^ ‘GL£a JjjJI Jx->-I ol jjill >> oL_«U-l 

j-« JjjL_Jl J.3J aJ j-g-^»j La->j jU^L 6jil> <w «—-j SjlJLvJl 

. 4T*fU J1 ^lJ^l 

1W r L sx_jU,I j.j_j^ 1 ^Ul V j_^. jui ,>iJj 
jl*U C*—*Jijl (Ajj>tfc |»Ip jLa—«j >0 j-iUl) 

j»i- v _l l oU)/l ^U»-l U. jTj J*i >> lXj~L£ ^J ojj-p ; t-ljjUl 
^-sUI r IJ-ixXv^l. iSy^ f> UjUl jjAjo djtji- 43LLJI >0 -Ajji 



jt oljlfr aL j£- J *J j\ 4-jwiaJI frl y*M 

j*J -*j Mj-iL! J'&i 0-*>- ^JjL (* J>, LU tJ*L*Jl ^^JsLo-Vl 01 j 
i$] jt! iLgi - ^pVi l Jl-& T o * * j»Lc- J-5 

oLkiCJ Lyiajlj (_J.Uil O^-Ui &j jJdU Jjli 

^JlUJl ^^JjLos-VI J} L^Lypfj ^L-JLwa Uilo5! jJwill ^Lll 

. (OLU 

r (Origin of Coal) 4M$Su Jd) 

^jJLj <ij _^*llj 4 —jj*sL| a*—L sUl Lj-*J LK 
fLil ^I^LJLi ollLJI j.aii LJ j (Photosynthesis) 

A jfll j — 4 Ojij^ll -Ov.Lt (^L-j jIp L- £ ^ljjJl 4—jydl 
. fljLiLl L^iljjt ^ Lj^jil jjidl Jjjl» cij4-l 

^j (j-^oUl (j.4 Sj^La3l (Solar Energy) Lv-*JL5I SiUajl J^j- 
.sljll 0j-SLr (Chlorophyil) *ljLuLI J_j jjjKJI Sj>L ijrj 

J^C-h ijjLi—_S"jJl oV^LiJl (JjUj (J-«j2jj . 4jj_JLxI|j L^SLJl 
, <lojj^J|j ajlajJI ilji,l Uajj tjj&j oLJI 

(j^jVI J.j-L’L ^ Lf^l j-Jj oLLJl cLa Oj—.^ -L^j 
4>.j^j JjJJlJI JxLAJI J*ijj ui-k^j JL- J\ {j* <1jI—a oUL» 


f-l J-fJl J Vl ^^ isUJj—ll 6jl^l-l 

La *_Jllail 4 jL-£j Jj>lXj L^Jlj ijC__vJl {jujLa jJj-Cj Uiulj 

, (Goal) (_$_^>*-sLl p->KjiiL t-i^u 


<Uv-w—*jJl <511x11 (jl LJ e^ jjLwJI ijl_^Jl j*J 

4 l>-L —J <jjX>*l p .PtjJI jl L --—>• (_£j>“VI olilL ii ji-Ls^a 

<Jw4-P P-Ljjl l g AjalA I L)I oLJJ J - ysi ^lllj 4-wwM-q-lJl <sl—Ul ^ L«a 

. ^yJjsAil J~*Jl 


SjLp J>“jj {_$JJlj OjJj^ll jyX-.-P LjLwJ p->cjl L^Sjljj 

JJuJl L»5 . ^ Liij 4 .scvJj 


Z&jJ>\ flj—il lal - l l i!jll 4—LJ_*—II J-V»lx*_jl ^ 

Jl oL j* SjIp 1*-**^! ovJ’jX5 ciLJi ^^Lpj * oJlj-*Jl 

. LgJ! jLtll jil j-aJ Laij j>-I 


: (Types of Coal) ffjj) 

(jl»L_J L* — y.Jg j>-ljX-Jl ^->«dJ_J| jA £*lJ—»1 4>JjI “L_>-JJ 

j*j (Anthracite) c~Jji>Vl ^L ^Jyoj JjVl ^jJI -^jVl 
^Lp l ^ • ^lj>- 4 j jjjj53l <^J ^ ^lj-l J-^l 



(j— 0 £_$Ul IJL&J . <0 \>jJl <L-J dUjL-S’ JjJj . ‘bll 

(jL*Oi^/l J-k J • JljJLlJl AjI aij j^tJLll Jjjmu*V| 4jjJu j.vt*i 

^ ^Js>\ aiS3j . jr-^J' o* 

JJ—£ Ujjt LjjJ la * .. ; I p_>*3j t 4—Jjlji-| 4 —<*_.—aJI 

a^IjXs" - ! f~L*J liUij ^Uj jl jS\Aj Ul3»-i <lp ^Uj US* JUx*i»Nl 

. A^jwL«il ^__j| j*iJ' (J^ Lo yH 

(Bituminous) jojJI jr>niJI ^U »Jj**J ^IUI ^jUlj 
alijJJ . L)jj—Jlj /. Vo jU>*J L#“^ Oj^j^LJl <U—J J-s^—j l!.m.->- 

£jjj*S!l jp J—il L^xSUj l1».- ; »xI jij'yi “4 •Lj-Ujll *— 

L- : > - ci'j^ij JLjCui^fl J— j*j • p-^°UI o—* <£' 

oli oljUJI q A*\ -)— C'V^OJ £—^ j^-jj»j jA_V?T l_^J—J —»ij 

4j U oJ... rfj ^jp ^jLJI O-Jj-SGl J—_a—S l oiU—lll A>xj| jlt 

j-« L—5 ^ja 



_i t^_JLUl fj-U' L-*T 


7. i o ^jJlj>- »o Ojj^-SUI Jva-Jj (Sub-Bituminous) 

j^^-xiJl jfP- lgJJ> ^yLpT LjU jll jj—« L-sJ (£jp>*i LlS’ . 0j jILj 


tr 



V 


OsO>J—!! ^->1» ^o>*jJ 1 ^j—>a ^l^Jl jp'j—JLa I j 

J5? «ljj &j^i I |v>wiJl £lj-?l 5ij>- JJ^fl _^a j (Lignite) 
Olij ‘L_JIp <L~J ^^Lp l5j-Oxj dUJJj . j*j>*ji_Jl ja L—J 
Sj^'—i L-^ * <>*LJi OjiJl «L-«5w ^X-Jlj . oIjLJI 
4jjijiM oU ^JJJj a_^l lat ll itjifj LjLjj| ja L3Lp 4.—-J 

. 'WaJ^ws <J 


: (Uses of Coal) ftVflll <lflUS|l uLoliñfmi^f 

Sj^lS^ ol- a\JSxJ^m\ .>tLJ (llLfi l_9jj ——XA J—A L—Q. S 

^ljJaj! ilJ^-lj (jjj^woJlj OJjJl oLL^- —9 ^O—^Ow»l 1.1..._ p- 

_JIjj ^ljLv^— il ^illa 1J lj_L— >^ZaS \ I. yaj fj <JjLi| ^ * 

^ -UO^Oxl ilLU^/L *L^5Dl olk>tJ> 

. oljUJl 


^LJaJl _11 Lo>I 

jjl^Jl (^Ulj < L L„»jjC ll ^ljil (j- 4 JjOaJJ \jJ^oa jjt 

. oLjVI oL»- ULfll oULvflJl ja 

£i\ o^w^l Jj —>UJl jj-iLj iaLkLf SjS- 1 j^La-« JL*j 

tJjjxJI o__jj (Ju aaL^LI o>L Li _.>o^*yI SiLvJlj 4...l. x Jl L^J 


rr 



•dU- £jA JjjJ- J j^SUl ^ (jV • jWlj 

. IbUlj ^jUJl a)U4 Jl 5JUI 


4jLJJJ 


fL-& cSjl—* ^j—U ^—)[ jwUJl Jjj^j 


4_U jj <Jj|jL*Jl J 0 * j^£ L-*.-?- 1 4jlla. o 5* JLm l»^l J ^ «««j> 

j£jJ oljLJl e-L* <i!ul jaj * j*~) ij\ <Jl^ a Lr 4 ^UVl -L jL>- 



, (Water Gas) <4( 

i»_A^li Silp ^J. k . T . J Lj 4j*V {JjjjVl jl—LII j LU-I uijAJ jliJl UlAj 
j^Ul ,^Lp j^-Ul ».111 jU jL' jl j*k jU>oj JjjT 
jUJl l-XAj . ^ ^ * * * jjJI jz^ 4^Jip °jl_/ > * ^LJl 

- I -t—^ Jjfj L^jj^l ir* <y o/L 

. Ojjj^ll JL-5t j^yL jLp (j-* UJ Uj?j 

c + h 2 o->h 2 + co 


s (Producer Gas) g£4( jt&/f - Y 
Uji plll jLUcjj f-\j4 Jl JaUj ^ jljj»L jUJl U—* jJl>xjj 

J p (_5j1_>»j ^UlI jlUij t <—JIp 0 jlj>- a>- jjJ j>*^Ul j*j>UI 



w—J j U5 Ju—5l Jjlj j£>-jj-L__gJ| ^jU- 

0^5 dllJ-J . jjiJi jlp j--« (<0jj ^ 7. j>-) 

. A'lll jUJ tfjUlL Lm-m j <wii>** a ^U.1 jUJ ajjIjJ-I 

(^a/I ^« JiUJ/ A^l gC( 

(Liquid Fuel From CoaF 

- OCrTJJ-V^ »jV* *?JijpJj'*s* S ^U J^i C^i 

a2_jLUj jljlp Ji J—jj^ E *w>L>* i-jjj-Ji tiUJJj 

• ^hJ jz£ c^i V-At J^U- *ji*j Ji u^-jj-V^^! 
Jjj>o (Bergius) ^jfry jW\ jUUJl f U f ^<UT f U ^j 

. £*2ja W> c^j Urrjj-Lpl *J^J lJ ^VJ iji 
W—J j C-Jj ^JLp Jjyg j-j ^ AA?J—Ui aJlA jii'Vl JiJ 

4_JbjJaJl oSa ■ wL-lll 4-iUJl «»->jJ-l Jjj-jJLi 

J-aU-Jj LjW>J,ij CJjjjJl wJ[ olvijJ l-L>- ^-_>U| 
J ai-s ^ C- . — ^ -U-LsM iL*> $ uyrjj‘L$ Ii jU 1 "jj£ t - i-L-.pL— ll 
oLjSUl J-t44>j t f^V «jij-^ 4 Lpj ^-aTj^ 

■ W-jjJjS'jj-L^ oljU tij^J J-$1 J** iJl ^LJl 

J 2 —V - 4 VJj OJjj^r (Ji <£ s y J 2 ^ Ms 2 ^ Jul jUIj 


(J jZ—iS ^lj^ LLL j. < *—sL^^JL J*__aj 

. CjVjJjjSGIj 

I—5j*j ^JSijsJl {j* ^jjLjl ij__3jJl ^Lj)/ 4-jljJl ioj^laJlj 

jl y\ I 4 Jj (Fischer-Tropsch Process) JLjjJ - j-LJ 

Oc>-j~sMlj (Super-heated) ^>-LJl Jj* *Ll jL^j JaJ^- 

(Water f-U.1 jIp |*->tJtJI Lj—L-s-p- ^j—^-LJI ^*>«_aJl jjs 

Jjij u^jj^-^gJl cS jLp <y ' 0 j-SLlj Gas) 

. Oj^j&i 

4_v_v« ^JjL» ^jl (Jj>*-j _rpLva ^»Ip jj^ Ja—LL| I.X& jlj^»Lj 

Lr- 4 ^j-^d yj °-ijf 

. ol> joS(Ji j oV j_I o L^jU ^ JJjJij 

. (Synthol) ^Lll Ov»JI Jl* o^ij 

4_JliJl LlDi i__>^JLI cJ>L_>- 4_SjjiaJ| aJLft L)ll *y 1 ^_Lp^x_jI a5j 
L^jIj —ll cOsjjj OjJjjLLl ^Ji.4 ij—&j]l yA jJl^LJl gkj\ 

^j^'ill oLSjJlI (jlj 4iL?*)/L> ^j4-Jij |^w- c. » Lil l cj jjj 

c-»Vj>^_5Ul ojwft (j—*j . L—fejJl (j^L-^-Nlj oVj__>t^3l J_JJo 

LpLj-vLl oLa — LLI j *— Jl£- OU.VI ^UaX— miI Lo&J — ]| j^LJSllj 

. , ^pLjflil (jo—Jl LsljIj JjjLaJlj 


: (Chemicals From Coal) ^4 bjUjU-ji/i gc&[ 

AilkJl ULfti ljbA-^2— ^ A-—^j>- Ji 

^ya ^jLp Jj^a>Jj A-Jji . u—.jV’kM cJ*jJi 

. sLi-l cuNL*^ -^ji I^IjLouJ ^jJIj j|ijii 

(Jjij>* a*L*p J t5j^ L/* ^ljL 0, ^- a ‘ ^jvi^UJj 

jyjN 1 j-k 5. ll aJ *» > j*-iJ f-lj^Jl jj p aJU. - ' 

. LLsj iULj Ajjlp j^ ^ (Distructive Distillation) 
^j>»xL.I ^j-rjJl ^jJ L2ij lfu*Sj L^xxL? l_jsL>cj a |jll 0 J_a j 
jlp ^^-L Lj >—j Ajjljjl Jjilj • aL*x—L i sjljLl A>-_p Lyajlj 
iljli—jVij OLli oljL»p (_$ j -— ~ > ^ L^*-tilj (Coal Gas) ^>»-aJI 

JjIj oxjIjLpj u^L^I LjUJl oLL-JjL/ 1 (_L>jj 

6 jLtL j»-LpxX^j ^xaII jl^j . (ji^jj^-llj LajjjSLJI -L—Sl ^jjIjj 

J jll _ *J L-P J j — y3 ><— L) ‘U__]ji <oL« ^X_*j LS . 2 ij—9 jS* 

. olpLydJi ji Lo-LtX—J.I 


J5L_J| p-^L Oj>_i Jj'i/I . oLp-jj c^$—^ *LLsL«—II ^ljJ-l Ll 
dLi._ji3l ^j^Lo ^ILJ <L^>- (Ammonia Liquor) jiJl 
SiLj ^LwS' j^xJl j jJj.4 ^I UuLjjaS A>kJ1j> 

• ‘LpljjJl (J^ 3 jL/l 4jj-v2-P“ 


rv 




TOtUENE BENZE'KE 







(Coal-tar) ^>LJl <!)ljks p-U Oj->^ ^lsJi JsLJlj 

CojJL «J>yu JjVl . ol j— laJL J. /a j j oj.Lg, j 

<Ujlax_JI £-> LjjjS'jj wL.^. 1 1 —P- jAj (Light Oil) 

cyU'j ■ ^LcJ_.jJlj ^jJjklij J—^ 

4-jLwwI osL^S' Jj Vfl II ^Lp <_gj ? _ > ^jj (Middle Oil) -k-jjxli 

vlojJ! p-L Oj_*j dJlSll jj g j a lij . CjV jX»JbjJlj C^jj*jSJlj 

JJJlj jJluJl <y> aJIp L-J ^yU t sy^HJ (He.avy Oil) JJJI 
jlaJil U . (ji-jbw-x'yij jJLaj (_£IaMj jJLjj J_UI j* 
J* j^jj (Anthracene Oil) (j^\ cuj-j <JyJ ^ljJl 
<jjjLj_£l! J—* (Sj^ ^L— Lj —^LjVI— j (j^i jiJ^I kL 

. j^ljjUlij jij^lj jjjJLuJlj 

OjjJ oil_a ^l jljlai j_Jau» <sj —»p yo baj! ^ LkS” 

aJjIc’ <oL» 5~ 0jLJl pLj^v oiL ^jpftj (Pitch) jLiil jwjL 

. (jjkl! uJoj ,j3j 

j«_Caj ^*->c dJl l)I jLl jl oj_!o jl iJ_MaJl |j_0 J lcfc |»j_Lj 

LL/i ^lj iJjVi iljll ^ j-i^i Jp Jjy*>JJ (jJ^ 
^jJlj ^l^Jl cjl>cdf JjwL_nJl Jj^j ^lj J-S j* 

J_j* I—^jS—ilj oLL-l cjVU—^ <_aJ b >wo J 1^»Ij_pcoI ji_$L 


jJUJlj ‘L^JLaJIj 4 jjkJi j 4 -jjJiJ-i tljixJjj tlililajli 

ol_»iiij Cj^, lail Jjilj cjIj—o-j_5jJI ^1j_j! 'j&juj ^L-*^Vlj 
^9 ji£j ^jJi iljii j* -L-LsJi tiUi j_*pj jUiij 

. a ^jv^Lii LjL>- o^/L>va isis” 

^ji^NJi LLj-p ^LJl aJLoJ! SiLli jli 

oLL^ ^Jij (Coke) Jj^ll j-gi 

. 4jLL£>'^o JLjjJ-i ^-Ij^ijjxl 


ylil 

js>y' 


























i_jUI 


(Petroleum) 

ij jj>J iVl ji OL-jVl »_jJp 

(jUjJlj j-^LAJ Lk'vaJlj JJL^Jlj jLi Ji* oUUl Jj» j-^iS” (jy* 
y Jjt j—J* ^Jj-Jl OLSj . Ol-LJl y Lj~pj 

y iljll { j-a LJ jSi Jjj-Ul (jp Lj Jj>- 

AjljJJ 4 jjIJ_j AAjjlaj ^JIaj oJlS - £t__lLlj CUjjJlj cJuL-*Vl 

Jj^u^l OjiJl ^£3 Cj Jl ^-o^ij p«j —lilj c I . l tf %j^/I Jwft->ULj 

. sSUJI i>^ljJlj 

*ui Oo-«j jl5" C._~>- jUJl tJjjj .,«nll ^-X>x T.»i| Uij 

jjJjil ki-isj- JaC^- y 4jjU «CU_j Ijjls' L,jjlj . oljj^jil Uajjl 

. suJU- a»_Ju» ^yfl-j 
i-L_j aJlp l>-j# t)T oUVl L^ajt Lj_j>»jj 

. 4 JVI y aJL^ ^ ajL>~ L^J[ *til <_jja-j ^ji jLJL a zl Ji * * 


rr 



cj -^ j*^M J> jLgJl Jj ^J. ."Jl lJJ p 

4j JJx. ’ L-j (jLS* LS . f-lLl -^ l a. M *i ^Ip jJLj _jJ*j A-Jj jJl ^_£j*)Lp— 
£Jj* cr-* i>° ^ diUS' 

■ cJjj^lj 

. ^LUJ ^_g>-lj>-&2U ^LjI JjjUl Ls^jI Ujp Jij 

^sOSj . Jj _jdJl >J^ <Jj^ I ^lj><S*-ll l)I—S* L*£>“ 

c^i Jjj-Jl LxJL 4 — pLUIj Jlll JL>- J ^Uu&l IJj ^ljP-Vl 
MM .U ^_i ^^jLJlj .l^Jl (Drake) dLj: cU-JLS (jlS 6? 
^JUJl «LSLj*^ll oJj>»— lil C-’L'i/jJl ,_5* Jjl [jp AjJ^Ljj 

. AjjL^J <oL*al ^LoJhi 4 ]j ^slj 
v-ws-p' j—^ tSJ?l — IIj jjj—^^S/l c_^*L3i Ijj <_)j j " « 3 1j 

*1>jJ AjjCJl ^JJijJ oULl pI jjV tSj^l jJjilj Sj^Lll SjUU-I 

. j^Lil cjLJ^/l 

4j ja— i-| ja L/al l N JjjlJl L—<k_ftt ^^>*jjj , 

aJjI 0 jUS" Jj . c*3jll AjUail ^S' Jj*£>JJ 

(^3 Lg*a|j>rXU ji^J ^jJlj laL^Jl Jjil j* Jj-lJl ^S' Jj-,A>JJ 

CjLjL. .Sj jiJl ~~m\ [4 Jp jiiaj ^^jJlj oLJ-l 0 VL 1 cU-ix>»-« 

JjJlJI Jj-^aaLl JjJL-j^jSUI ^UaiL jUi (Petrochemicals) 
LpLmJI tjLJVlj j^pLdil JUailj lLc^^UI Ji* JjM e-Lft {y* 


j Aj jJajiJl j ol-L—-il j *UpLvoJI oldla’Uj 4jlix>x-ll 

0«jJ— lli OjjJj oLjillj ^lw2>Vlj —AxJlj OwL»-v^ 'if 1 j 

L^I-UvL-i j£t ^ljil (j-o -LJbJl tilli jj*j LpIlaJI SjJLpVI 

. 0^tfLil LjL?- oML*j J 


■ (Origin of Petroleum) 


i>ji>JJ ^t a_Jj^j5jj-L^—J i iljll ^jA L-L»! JjjL—Jl Ljjfo 

j-^L-Jl Jl*j ^jsj-j ^Jl AiLj)/L (j^jj-L^Jlj jjj^JJl 
• cl^rjjJ'j ll|j_^J!j j^-jU^i Jl- aLU oLUL ^j>-Ml 
JjJ_4-LT LjLLJ aLjl^ cjL-UL-> j^L_il (j/**j J—LJ—SL5" 


. ^jjA-liilj |»jJ‘LL-J!j 


AjjJaL-IL ei j*j '. ~ J J j~Jl jJ j^L_J jLjiij J->-jjj 

Oj^L-jj . 4jj-vi* Jl ijjiaJL> <_S j*j * Ajjllllj . Ajjvi—*-Jl j-P 

*lilj Ojjj^Jl LLU! ^ylj JpILi J j'ili Aj j JaLU Lij JjjXJi 

41 ^4 oljJiiJI cjIjljjU JpUx> jt . AjjiiJl cjIjIaJI 
£• f J*i£’ if - ^ i L t j-*j . IJjjjUjjJ^I j>I jil 

flil g f> _Jl5LJl XjJ J-pU; CUjIj . uli-Ji jU i^o ,ai 

. jjLLrfVl jlp 


—> q* JjjjJo j—i k i—i aj jyxw_.i 1 <jjli.'—) 1 iJ 

Jj>w <J L> - *bj»*Ji O.b'LJiJ CjJljrtJ-l LLl ^j* ULl*J| k2jU 5J| 
LjjX^L-Jl JaSj <aAijLI SjIj-J-Ij JIaJI JijwaJl jjLj 

4jjL-P-j JjL^j j—J- v^ j>Ij* *kL£jl jjui—i l-Cj__j 

jil*_Jl jj^LOu ^jjl 4_dU^yL jv>-jj -1 ..^l lj jjJj—^Jl ,j* <L£J,* 

. JjjlJi C-jj <>j^* 

• 0^>-L—Ilj *LJl*Jl L>—&Jj jj j-* <J jOjia...'Jl ^jA '^Sj 

•uJLL jj L» I ^ - -° Jjji _lj . L^jUw L^jI LS" 

JjjX_JI jjj-So J-^T ^.i <J>LL| JljUj 6lj_Pi 0 L 0 N 

. f-lj^l ^j-* Jjj^LJ L>-j—L»j 


: <Ul Jj fJ\ ^Sm 

(Expoloration, Production and Transportation) 

Jjj* .11 Jjj_iJ| 5vil j*i 4 jIJ—J| <_j* 

JlJi J jL^I oJtf £**■ Ljj- j <>JI oiUii VI JjVl 

Jl IjUj . ^Jll Lj—^a- L l J^|. j-djd j«U| 

ilDS OlS'j jJLp £-*Ul jjUl i... 4tos^ (ji 4>iij>wlj JjjJl 

j* Jjt jA>- |jb L->- 4-£jj*S!l s tuLVjJL LjLI—Jj LVj 



U& t\y+M Jjj~—Jl ^J • aJ^I—■***■» Ij ^Jj—X J 

uaJI<i1| a^laIJIj ajUlJ! oLUjJI y* jU*JI ®U« ^ jT »1 ii 


ujliUJ. ^x.—s-VI c>J jj2jJ—-A jU“lj 0j*>- jJJj- *U| 

oVIj (jC+*z+»* o UL . <:, ^I cjI_ jSlU a JjuJ jj ^s^ljVl <«-^Ui 

jjsaJIj Ja^ljjUl ^-^jj A~n4»j ^ll A ^ -. ^ l a' « ll jj-'US J jjj-^xJi 

j jt *_Ji XS >j . <JjjX—Jl iJj4^*l cU>wJl ^ p-A-X^L—J ^ill 
Wl jj^' 0 W-f *j>rj j-kL* 

jLl>jU A__Lft-«JI jii-l (1)jjJx—j l I ' .J * p-^jl j ^aj p-^jJ_ <3 Kj 

Jij . 4 LJl>clJ l^jjr-i oL-jJI JL>-"Vj 
JU^T ^Jl LIjjJ-JJxJ! 5jf>-Vl J-Jj d~>* ^jjjA-JJI c-Li£ll 

4_>-jJj-_J-I oLjj5cdJ ljjs^ <LJj__j jjLUSl I^«lOl SxJj 3jxJ-l 

<ioJ>-j ^JlP TLij LJ>-j . IfL-ljjJ Cl_- fC Aaix>«i| 

<Jj-lJl £«J> < U^ iaL A-J l 6 jLj (Jaj p-^L 

WajTj Jjj~_Jl *U"lji y& c : m- tf txllj cL>tJl Ja—43 ^j-J 
JLsnI y < jf>Lt Jj J—£■ ^jSLt . A>jix>*il jj)L*ll ys 

jJ<Jl Jjxj tfJUl J**VI |*JUJl <y* 0jJ< (j^jVl ^jkb ^ 

p~*d ^ljU^*- Jj^-j U^bj t^TjT cPl f-lj>waJl ^ 

. Lj'LJ^U jJlj jji-l 


rv 




mm 


MSlfil 





olS* j-~ iJl ^jaJj JjjoJi Jj»-I jJi ^,—Ip jj— i*Jl JLIp j 

ij Lvw^ai 

aJ jj_iJi jLNl v^i jj» cjji ^-ijj Vi f-l—^ji-j 

U jUj «j4— =T^ij iwvsjWij oUt^aii J ^_jjl$yqj' iljLpjj 

■ JjjrJl ^\j>^Lai\ olX». * J <ujjl)| cjIJaLI ja 

oijL*Jl olJLkP t£j—£ JjjUl gji J ^'—^jSLa I Jj 

J> / t a , , i »iUJS . \^_j L^L- gijL^o SJj^oll 

dJSj flli j—« ^j^aiicJl I-JijiIj JjjSJb 4 —^JLmJI JUjJl 

. jijS^Ji £jUa* ^J. j»ii-l Jjj^Ji J-5 

jij^Ji jjUa» Ojj^Ji JjiJ-l jj> fU-1 JjjJi JjLj 
J?j]a>-j 4i jL^o-*Ji O^iUij obp-L-jJl L$Xj» AjjJjoLa (3jls oJiju 
UL jl Jl>-I j-Jl jJJl J>-i.i *■!j~“ 5j-b-U-l LiSv_. J Ij o*alj^/| 

■ >-Tj 

{y ;^LS/I i»jJL>- o_>o_s<2»f JLM I -oSj ^j 

j-«j . SJ_AJ oliL-i j»UM JjjUi jJij 4jli^j LgJ-sT J JjLxjJl 

(jJJij ( yJ) wii OjjJ>l o-jiL^I ia>- JjjiujLi oIa <U«1 

<Jl UjLJi ^j-Ji <y jr^i 



J>A iiL-* Ot . Ja-u jl il ^»*J| ^Jp-L-** Lp 4jj! 

^j-4 ^lii-l Jjj-jJl ^ J j &L > 4ji j . »— . J l Ljj« II <5«X<Jll t JL>-jj 

^JLt-l ‘J—piall jjJl 4 a1iJ| <>-b_J[j A>-|^pxlwi*! ^jS’L*! 

AjJaJlj ^plwaJl U-U ^ji c jij^J c-ji'A./i') jyS^Ul ^[ j*Jl 

. ^j>-Vi j>«Jl J& aJlUIj Lj^jJI 

: (Composition of Petrolenm) JjjiJI immSjj 

<Jl <y* *CLj5U oLL /»j 4_jJ Jjj^Jl JclUj 

O* J Jjjr-l U^J 

<>-ji Ojlii-Jl ^l AiLj^/L j^ljJI ij^Vl £*jL_JI jjiJl 

LL>-tj V ^ \ : • 3 Vr (jo ^-ji jJj Jjj^JI iiliS’j ^x>-jjJ 

. »ILI <y JL>VI aisSJl ji JjjlJl J^j* 
Lj jjjSjj,-L$JI oLS"jil jj-4 J»jl>fc« a jLp JjjlJlj 

Ooj__j^LJl oL_5"j» jj—a 4, l wy L ^ > 0 L 4 —S" ^j>*j (j—l[ iil— 

. AjjJlJ,! j^Lxllj (jo- j—*S^/lj (^>"jj-Jlj 

Jjj-^ c5-* 

• LfU^j/l <L£j— j5jJI 


: UfLil Uill olJ j) f uLS>il - t 
(Aliphatic or Open-Chain Compounds) 

! ^LjI ^A«ja,l7 0 JuSjj 

: (n-Paraffins) <UJU/f <u«JljUI uLSjlf ()) 

C n H 2n+ 2 : J 4 ^ f'^J 3 ^' 
jA Lto 0 *A>-JJ CjL 5"jll <Pj^>«ll aAaj 

jL-^lj jLi^Jl If dj ut jAj . (jjjp-Vl c-»Lpjjkj>ii| 

. ^Uil 

: (Isoparaffins) cajLUI <uLiljUI uUS>U (m) 

C n H 2n+ 2 : J* M f U)l 
^Jj ijU <*j^j^5jjJL^J1 oLS" jll 

*J*TJ L#* ila-^ljJ ^yllSjVl 4^ij ^ JjjJ 

jt (Alkylation) <J5JVl <JL»u jt (Hydroforming) c&r 

. (Isomeriztion) Sj*jVl 



: (Olefins) mLS>4I ( a ) 


^2n ‘ >* ^ f ^ 

&j£—J dj_r?Jl oJ>j 0[ OjV-5j-U y ap j^ eJu* 

aAaP a jJj5o f-ljj) '^-^r > ~ LL*JJ U__L/j OjL*5o 

Ifl ^15jli ^ ap j—^>J lI cJUj (Cracking Process) j^Jci\ 

\ ’ 4jfiJlX>tli 4 jjIa.^ Sj j^i -ii^il 4jpU-^> Cj2 s5 4 -au1 

. {jd-JJ LfcLjJlj Ui^^i 

s (Ring Compounds) <UtbJf uLS)|l - 1 

* UJr^r'^i C^r* j-‘*- 3 T*ll ^\ d-*j 

: (Naphthenes) 5uL^U/l uUSj4l 0) 

C n H 2n : J* ^ f dpUJl 

. <uuljLJl cjLS' jll ^ jJSl 4 j*Cj ^LLl JjjUl ^ Jj>-jj cjL 5Jil 
. uL-jji5L.» < JOmII^j (jLo^LSLmJI l •<° 1 

: (Aromatics) <U)U&JI uL£>LI (w) 

C n H 2n-6 : 

(. ^*LM (Jj^iJl {_ji aLJj C->La5j J >-jj oLS'jil cJ-^j 

■-*-- tr -*—— - 



L+S dojJi jbT i-fJ J j>~ jii 4 d ValL Ij ^LM A^JaJ tHij 1^7. ...i 
L iS <oli-a.Jj i\ Ja oLLi_P oLS' jli oJl* 

OijW' <yj • £&j* <JL £j\ pij L^jj . J-_* jS'i 

. oUJjjjlj ^>j~Ji J~Jj jdjJjiajlj 


: (Sulphur Compounds) jLifcSJI uLS^I 

£y> 4 jLJJ 4 Lx^> d_—j J■ P (iU-l (Jj j l.Jl Cj j lSJ}"‘ 

fy *J jP“l j ^lj ~lL jj^* <L«w*Jl L.d 1 i*>o .5>* 4-ljj*^J| CjLS" jll 

jiU-l Jjj^Jlj . JJi J syrj-^ <J\ t Jjs-l J*>* 
JJJ I - > 0 <y> J-*t L—~J p (5j^>*-j L^JJl 

L-J L$j>ii (^JJl JjjxUl U (Low Sulphur) c^jiJl 
(High Sulphur or coj-SJi jJLS* j*x*J jiSt jt l • , o Coji' 

. Sour Crude) 

jj^£ .5*» l^... Q immiJ&jA j*^ oLiSj^ 4. ■ 11 t—*L^* S jllj 

. 4jam«il jjjSLJl cjLJL^' pLJf 3jJp sji^j L^jja < j^a..lpxi31 
. A^djSJi l^jlj J* Sj^p (Corrosion) JSldl 

« j j»— S 3| J^— w-j (JjjJ'l jj—^ oj^jli 4.._ ^ j^Slll ciL-. S jllj 
4^jj£C_il L^i>xj|jj j_f>.i) ^j*iij dLLUjllj (j^.^-j j-\—^J I' v^ — "j j.S'j 


tr 



O l \ T Sj ^SLJi SUjj olJ—£Ji LpjIj . A*— 15UJI L^l y~j 

• Oi*jr^b 


: (Oxygen Compounds) ClLS^U 

^y>j . 5jLjJJ ii-Ji— J> oLLL 4 ■._ • ... -> • oL—5” J\ -b >-jl 

^yswL-^ Ji- (Naphthenic Acids) L--JIUI ^iL^Vl ± *\ 
j y*j c *tJ j^aJI oli'jll LAj\ jl >"ji LiT . l)LwJjs> jl^LJl 
j.... j sj aJ —<>£■ Ljj-L^ y oL^^j.1 • «J 

. (Xylenols) o'y jJjjJIj (Cresols) oMt JjyLl 

: (Nitrogen Compounds) 8 jhi%3>L/I 

jjJl jJ-Oj Aj-Lc-Is cjLS'4JUa —p oLS" jii oJi-ft Jj>~y 

■ O^L£Jlj (jd^L^jlj JjJjNIj (JjjjJlj 


<U3aj 4( iu^aail£*LS>U 

(Metallo-Organic Compounds) 

^ji£- Ajl—*JJ Ijl>- 4 Lt./> oL^SL oLSyi oJ a 

< co—l l l_. • .■■ J j ^jjjJlj -U-^’lj ^jyLaJlj 

oLLp *L5t ^Lu^oil sjlpLII J--IjJJ (Poisomng) 


ii 



: (Petroleum Refming) J)&’ JijSS 

{y JjJjJI - CJ jX^O* JjjJl J 

AjllaJl Lp Ja>jj 4—aj^Ji AijU-SLJl oU^jS3.l 
jU_Jl AJv* J - v a—>CJ - S*L-s*>)/l {j^l^t ^yj j—*j£ 
cAk-+Jy\j Ojjlilj jNj-Jlj (ju^j^j-JJij uJjjU-lj 
CJLS"jll ^ olijSll aJ a ^IvsJj (Jij^ AiU^^/U 

u—-->■ oIjjU-S" jjiJL j <Jj^j (^Jl j ajjLUUI oUdilj 

. oLJ-l Cj'b/L>fc4 

SiLS" 4 jL>»_:; aj JjjUI |*lJpxiv<l a-_^a! Jw JjU-lj 

. LlgJl CjUjU-SJI ^y* -b-Ul j*j£ l>U j.L /a ^j ^ji jS”j ^bc 

(Value of Oil) CojJI uJ 
X 
2 X 

n3 x 

55 X 


(Form of Oil) ^Ijl^-VI £jJ 
(Crude Oil) ^ U- c-jj 

(Fuel) jyj 

(Petrochemicals) oUjU-S'j^ 
(End Product) ^ 4 ; gx-» 








Cj\Js-SaS-^1 











jju—.1x1 c..J \ i—. wjJl C)t La /JLj d)t j«l»*jj 

<L»- j }‘twjbjl oijjla. »11 Ldij SJi^ 4 . oIj iJU-l 

. <iL>Ji| sU-i CjLa^ Ju^w Qj a^l . Nf I OJj^iaJl Lyajf j 

: (NaturaL Gas) jta/l - i 

^j-Ipxj LLvw>- iJj^ull jL^M ^ ■^M^JaJi jLi-JI Jj>-jj 
jljj^Jij (jlij'itiJ jLisil A^jljLJl CJLiji/jj■ L g 11 JjJ^Jl 

ijJJi SjjU- . XJLJi *jjLjIjL— ii ^ja <LJ^ £j-*J AiU))flj 
X* ■ •s o ^I oijl-jjl <jJl*J LT^ c y*£“d a ^ jLi_Ji jU 

(jo-jj-L^Jl J^j^J jjJj^Jl *V^Sl ^yljj Oi^Jj^l L’jU:4 

• fJjM l>* Jc^'j 

Jjjlj JJL>- jj» ^UaJl jLaJJ ^yL^SOi *.-». U jJI UL>oj 
Jl jja jl-I_^I Ji>JJ U«i)L ufJ—IJLS* uibiij X~jJi <jt U5’ . 

. -d^UlU ajS 

{j* j-Ua*5* £*-lj ljU» {_5^J ^-L>w~j ^Wm . UI I jliJi J 

qIJ -mm. .llj JjUll ^Jp-li ^o|-L_>ww'l jS L - _ «> <£ lk..J I j^L^a-o 

cjL5TjUJ ^»La j-Lixa j~*—> LkS* . jyS'L'Vi ^a IajUj ^J^UJ-Ij 
{jA JjJjJi ^ LoLa Ljji ^|j__^ jZm j Xj^-jj^jjJL^Jl 

. Ul*)! 4 jjUUj^J| oUidl 



s (Petroleum Distillation) - t 

L g . vf - ‘ Si" 3 j\ $j£j$ oL>»~ II JLp J j+a >JJ 

*L5L^Jj oLLp S-LC' Jj>J ^jb Sj jLk-^j^o oL>*cxj 

Jj>-I <y~*ij . jja—oll <L_Li_P CjL—1l*jJ 1 aJ fc J J[j . 4_JjL>«_4 

^\j Jl— a jJl J f-lll —4 ^yaiic-jdl jJewJlJl CjLL^ 

j51—4 oL-UjuJI cJa L~>- ^LjM ojjJLj JxLoJl 

oJa ^J-l OojJl 1) <1)1 _L_«oj . JjjX—Jl ^l 

Jj—^ai-l » * « jjLa- jjjJj. J-Ao L_Slj-Jl 

: ojLoII 

«• • 

: (Hydrocarbon Gases) iuj^j uifjU/l - I 

• *ij~* ^ * L/* O.ULfr *>• j i X-_jP 1$*Lp Jj^aJ-1 pOj 
d\t-i$\j pL,II oljLp ,■*■!j . ^,. » i«« J a. l l jL—ll 4. w i " j 
( Js> J j*a >JJ (jJu^a jt *j£j$ ^Jl J*c~Jjj . oUj*Jlj JLjj^JIj 

. oLj U jT jjsJI 

: (Gasoline or Benzine) (^)idl) o^j}^ “ ¥ 
\o • — A * ^ ^jljSj OL-Jp *J —& Jj-^J-I 

ol—JjJ.1 J »,« l -*j . (^jL-^JI tSjJJ ia—»—sJl Cw^ 



^lllj Aj 4-Jli-J'Vlj ‘LjliJVl Aj—~* 4JjJjSjjJL^J| 
■ &\ji C^ - Cjq j>- iS££- 

Lijtj . cj\ j5liaJl j olj LJJ JUII j jSjJl (jJjjLL j~*jj 
jjjlJi J_JL« CjljjlajJlS” ial—^Ji LJjVl Jjil JjJlUJ jwly^^S* 
oIpL-aI! 3jiSl_> ^jUlj oli_Jjj_Jlj ^jjjlj_LJlj 

* ^ j L^ SjjiJ I 

l$l*j . jjy I^pV •J-'lilUl SvLP (jjJL-Jl c^i Ulvajj 

. ijijtl oljlj>- jt olS'j>UJ *■(jm* JS'LJIj t. \.,rtll oUUI 
. f'Ui SijLii *ljsJSII ^ (_£j>"tj . wL_SLJl ^ii aJIjj 

^jT 4_pllvaJl oLJadl ^ jjt jiw Lajt i-iLaj L»_S 

. 4j jSLII <_w*Ij jjl <JjTj 

(jdlyajJI ^JU^I ^ij iiLi| ^JL^Jl iJ—* ^ LajT jSJLjj 
S jLil oJU 4_iLi|j ♦ (jJ jjL>JLi ^ I.w XS 'jVI p— 3jJl e^LjjJ 
£« l^LUl (j^UjJl oLSjX f-lj^Jl j-Jj l ._J (jJjjl^-l 

LLjJl 4>ff,|ia ll ^Lp Jj ,tfll vLil jj (jJLJl j-a*Vl CjIjL_ Jl ^Lp 

^Ij SjL (Jj^JI \jj* *; cJ-Li-J Sj-a-Vl UjSfl ^jij . OLj^J 

<y jU SjL ^j ajl_JJ jJla jliT L^J (j~J ^j_>L ^Jl Jjj| 

* (jr^ 




: (Octane Number) ^US^f 
OLSjl ^—jj <J <Jj jU—5 ^aUll j S * —a. zJ U jy?,.,>«il 

iaLft «ujU-«£ oLL-P 0 J-C- ^ j£- 4 J jjjLSj^/l _j)l SiL>jjj . j/s i>wa 

. «dS3Vij iyj^lj d«J*j lIjLLpj SJpU.1 JjiIjaJL j*UiJ| 


jj—« —LL 4—jjU .1 <L_*» w JI 4—JL LjLUj^l ®j o j*—u 

j jijJl (j/i (_$jUJI oU$Jl ^ J?ji__>^ oLiS*jljjj^l 

\ * OU-Sjljjj'bflj . jOlJxll ijSjJJ {jjJ| j-* — Aj 

. jh*a }I <di ^UJI <l}UgJl Lr»lo 


: (Kerosene) j^^jSJf - T 

Y 0 . — \ 0 • (jij ^jIjIj dU«P -^P «Up Jj-/ii-| 

Sjr-^ lt^ V-LjO^jJ'V'^ tUx>x_- J^Aij L_jji> 

• djjjSDl olji ^ C 10 - C 16 

jj\ Jixjj LJLaiJI oljjll a l. .1 a uy^j j* X^x~jj 

JljU OIJULJI 'jjuu jj . Vbjll ^ljl, A 'J oljLJl 

.LII OiL—Jj f LkJl >\s*\j atl—LtAJ t .xj^_ i U^J jZ- ^ Jl 

*^UaJi ilji Lt^Jj^Ul jj • U—Xsxil (_U>IjpbU 

US" . ‘w-* jJI ^ljilj iji>Loj>tJw_!lj 4 jjJU-I 00I0UJj cjLi-JjjJlj 

• *UpLUI oLdilil $\jil (jJuo j*va>wJ iJjl SilU 



s (Solar or Gas Oil) ^^yJI - i 

. To * — Y O • ,jaj otJlp (jjJL* Xj> 4*Ip 

^— p l5j—^— flj ^ <J*-*dj 

• OjJj£3l oljj> & C 16 “ C 25 
^Jj Jj-d-Jl oLw-S'U jVj-Jl 

oljlj^lj oljLJl ^l jjI i j * j $ l-Uut ^ Jl>«I*«jj . Ltf-ljjjl 

. CjLiaJj^ l ^jLp Jj*a>*i! ULa iJjl aiU^ 4^|JL>oi ^ll 4iLtf)/L 

: (Mazzotte or Fuel Oil) u$jlU -0 

. aj yj» T G • j* ^Js>\ LLJlp A>-ji Xs> aJlp J j+aJ-\ 

-laJw> C+£ j—Laj jl . ^JLail ^j—ij oL^UJJ ijSjS' ^Jl->Ojj 
( 5 j>-Ij j'i/j*Jl 4 o!jiaJLo O* J-sO—>U 

OjJj ^lj_it jA*jj (jv-jljJl £—<»—i I 4 JU ,^>L?bUM_; aIxm-j-O 

li^b oJ-oVl AJ.I 4 JI 5 ^-jj 

. <3jW! ^yj (Jj*!i) ^yLil 

: Jj j*JI jj)£i ji <Uiiiy41 iu*iU» A( tuUU&ff 
(Petroleum Refining Reactions) 

JjjUJ ^iUJl jJaiJL <jJj jLL-l 6 ti L^i otj 


oi^Sji pj j jjU- j . i j/2j&ca jks'ji 

^j-Jj'Jl pLjU-.J>3i j^A Jjwl*—H ^Lp cJj.y'* ->JJ dJLj JS ' £jL_J 
oLUjJI jA*i [Syf~ ^djU-S*jj^JI oUwJJ 5»Jj>c-Jklj 

|>LL| £jj ^Lp oLUaJI cLa jLx?*-I jXjj . 4 jjJjL>»il 4 jjL»^SJ| 
<s£LJ| j! jil ol—«iJi'LL>lj oUv>l j* U^i^j • ^ j_yuJI 

", ^Jj U-3 La j >-jj uIjLUjJI oJlAj . U- a 


: (Cracking) 3 lJL»& - i 

I £l jjI 4j^j ^— ^Jl aLaP 1*— *ij 


: (Thermal Cracking) jhhS?M (1) 

tll oLjjjSjjwL^Jl ol_Joj>- cJjPxJ> juUjJI owU ^ 

• jt Oi^U^I c_^l OLjjJl J^ 

1 (Catalytic Cracking) 4&U4I J*U/( J)*) ji (u) 


Jl • JJ^I V"'JO^JJ J t^l J j>Cj 4_*U*Jl oJLfe ^ 

cJl* 4-UL-ll LiLJl jt jVj --I' ^jj . ooL_ijj>- 

. uitjjti*! 4^U^Jl 






: (Hydrocracking) )^f { a ) 

(Jjpxj ^jJl £■» SJaI ...II JJjJl wj>- 

Ji* 0 jL—J Jj^ ^Jl !j 4^-s>-jj-JlJlj AjJj j— aSCII Jjii 

. f-U.1 jL^-jj jj^jjsi^Jl Jwjj jS 

: (Polymerization) B>4JI <ul^* “ ^ 

ojjil oli oLS'J.I pjL_» 4-J_*jJl o.L_a 

Jdj^ J^ L -^J ■ £*V° ‘Jjj LgJ L^i 

jjjjli*| jLLp (jp-i—a ^ 6 oLj j>- ^JI Oj-s i ■. ✓? - ] ! olli-Jj jfl 
tlLj j.j. xjJJI ji lILjo^XJI ^j^j HJij 

. jlpLvo J^»l*jf 

s (Reforming) ^jjjaJ! <uU& - T 

(Straight-Run JjVl jJjjUj-l ^ LUUl ola ^ 
a:L‘j£L (jLjJr! ‘ r UjxJl JjJju d-j*- LJjt 3:>LS' Gasoline) 

y <l)b£’jl |*ij Lj ijjA ollj^L -^l 4_U^I 
Ji* cJi_ pL— 11 JJj*—ll J<A>COlj ^ - L-wJl oJla Ul>- j^_J 

^yrj aJL-JI ojliiJi oli Uj-JMl Jlc- Ul jjujLJl 



^-Lv^- (JvL* - O^jP-UJlj . j^jjjj-jjJu^Jl 

: ^Lit ^J[ lf*-~JSS 
. (Dehydrogenation) O^-jjX^! fllji, (t) 

. (Isomerization) M 

. (Hydrocracking) jjJU$J! ^-iUl (_>-) 

: (Isomerization) - i 

<Ji^jSsJl <i LJi ob o»L5"jU jJjjp-ci] <JiwJi eJL& ^wUoj 

. 4 —t-jAi—a a^j jtjS IL lo o>ii o»L _£jA ^y)! Ao .3“ «l! 

oLiljUJ jLj^jVl pJj oJjLj jA aJujJI aJL$J 4uL$_Jl olSUaJI 

• (C 5 - c 6 ) 

: (Hydrotreating) cuJLiUf - 0 

<LOj*£Dl oLS"jil j—* —^tJJ 4 __JLm_JI ^ 

i--JjjUl CjI j laSU ^_3 4—0>-j—^-fTV lj L_Oj>-jj^_jJlj 

Uj^Vl jU-j C/^r jj-Vfr^ (_|L« SjLt? oijU Igljj^j 

, ^lil 


















: (Alkylation) <ui»a -1 


aJ ^>j—I jA (j\J ^>L_idi e_L* 

Lr^J < J; i3Vl APj-o->dlj APjjjU <LJL. j\ A-LvJuj 

<y* IsLjrr J °Ujj J S'jjJ 1 $Jt <y u&jf 

(Jj» t_5j*JJ • ‘Ujt aLJu-j LgJ f-ij-J* Aj>_.d.Ll j*P 

(Friedel-Craft's Reaction) «cJIj_5 - JjjyJ) Jc-U-Ji 
j $jLi dL**£Ji ^j^U- S-xp!—- JaIjp ^ p* 

LgJ A_Lo«aJ| kXb /ya A^llli CjL^ jLl J . ciJLjjlijjJL^Ji jjl>>l>- jt 
>JJ A - L ■->»!( C JwA dUjkJ • At .1* jj j£ 

- CfLr - jhSji ^sj d uJjjU- 

AjUa—U A. v i._ j j J^ L r-^i jU Ajjli—Ll Xj& J 

. J, U; Ja>yj 

. Jj^JJ JlWl Oj>JI y° (jS m J& JLUJi 'OjpJS- s 

■ Ujj^Jl £•)j>»iul y& ^»1 j>wwv«V Ajj. m .s *? .!! ~~ Y 
Ojj-WaJ jUL> Jl Aj^ij>el^l (j^Ul Jjj^Ul «J>^ - V' 

d) k jLL j\ (m—_oLVI aU—jj Aj»(j>^L_^ij ^jJj^j u - jt 

. (JjLj ^JjLaIL dilij (JjjX-Ji 


oUaJl o|i p->^flJij JjjlJl Cf* jJ^L)L« p|JL>oJ JJLp — £ 

4j£LJi 4a LkJI J yu Jjj-JuJf ^y> (Calorific Energy) a^UI 

plo^oi gjUl (Environmental Pollution) jJl OjJdl - o 

. p_>oiJI p|JL>0~dlj AjjUI 1 jJlS” AsUaJJ jX^.rtS JjjlJi 

: <U)UrfS)j2JI uL&UmiU SniiLJitf <UjjuJI 

10*j ^Ji oipllMaJl eiJJj L$jL AjjU-5jjlJl olplwaJl c_i yu 

<Jjl pl>- ii^j^UaJf jlxJl Lji>tJ AjUiJUij Jj jlJl ^^JLp 

^ijil '—1—S"jl> J . 4— pjll — dJ t£j >"J A. — JU» — Jj>® (_j-J| LfJ—Jj^ 
O yu ojjbj jJJL^JIj jjjj5Jl jv^tlP JjO U-UjI AjjU_uS"j jlJl 

j^Lp ljL/Zj 1a . ^ • A^jjjjS’jji L ^ l l ljLS^IL) 

. jvabJi ^j4 Uj~pj jjiSCJij ui^jj^Ulj o,j^lj 
p,.~.AO L^.— - > - ^ij*^ll fo O . All l Jjil Ajj U -- S 'jjlJi ^ijilj 

: V^' t!J1 

: (LuaiUm) jf}4 0) 

^LLJNl Jj~o aJj—jjS'jjJ^JI oLJjU _JJ oO> j 


4-jjk*Jl c&CsU'bllj uO&Nlj oLjlII 

• k*Jl js& aljl,\ ^l^ iiL^^/L oLJbjllj jjjjJjklij 

: 4&**u) <U jf }4 (u) 

O 1 jip\— 4 JI _> <la.s*i|j —> blj—ll jA ^y.* ,'. 1 ^jAj 

cJLt-SSJt,j Sj*JJlj 5_ ^jJl^JIj sj _^l J_t. 4 _jU_53| 

U j jk> <S jf~ ojULUl oIaj . aJ _SCJNIj ojjiSUlj UtLUlj 

5J-pLv il J^»!jJl jj>-j ^sj ojlj_;Li <>-jbj .L »../? 11 ja 5 Ljco 

. *U-w«bll 

: <LwUm JjUjUfSjjlu ( a ) 

jJjj>i— iJlj —ll 0 LL 4 P Ig—J-P (_j*—Jl ^ljil 

{_£j>~t OjLpL-s^ t ^_L>aJL-w t < xllj f U ij lOLvjJj ^*L^I 4.fl L . ‘> J>I 
jSJj blj—ll oJjb Jiut j^*j . o L — v»j >11 j^Ll! ^l-i —^ jt 
4-^L-O^jUl bljil \—fA ^jJlj olj_oJjJlj L-jPLsaJI oU-JaJl 

oLUaJlj oUjJf C^tj ^LUl LLLilj LplwJi <JLNl.j 

L^pljiL oUiVl olbU—»isUsVlj . La>j-— pj bljilj 

. ipjU,i 4^I_>-jjUl oJl^a^^Ij 4AL>tii 
































ULjJ'j ^Lw-JjJi CjlpLw^Ji djjL-Sj^lJl oIpL*slH ^Xajj 

j^-LoV U j^Ulj <Ja -;«*<j 3 l jll _« 6 jiJJ ll | j-_la J 

CJ^Uc^ 4—slS' UJv>c..oJ.lj «uJ—X>til <LjL.a-.-J>JjlJ! CjL»*—X lil 

.sU-\ 


: LgU L y2j l Ua>-\ AjjLo-S’jjlJl oLpLusJI J-wCoj 

oLpUvaJI & Ja <>—”—Oaij lLw»- L^J U j*>\Jl oljLi-xo^/l yS 
. i—iJl5c-Jl JsaLJI (^rj J^^JUl fJuxJI Sj—* I j~& IjJlS 
cL>- IjjJajj Ij_C CjlpL-vaJl CjLpllyaJl aJl£$ Lyajtj 

Jlj-Wl j^a jJ^Ul djLLj jzJI oUcuJJ A»oil JjjJI 

JU*—4 A^s—a ^ Jalllj 4_~<J—Ji *JjUt— jbLl JX-J ij—$JMj 

LJlJ j>xIajI Lvdjt_j aJjwL^- C’U. x .o l.i M? iS r *y 4 jjU«Sj^iJI t -jLdi-. xa H 
d-flJ-Sl—oj 0_bJLsj- oLwUj Jj ■/?_jii _jt LgJ 4-wdja oL_*Ijl>o-jI 
j-«j>»x]| ^ oLpCU-JJ AjiU^X— s'j/I <UJsl)l aA>- yu ^U a J J 

L^jO>I y jJU-ll 


oii o^LpUJL j olpl_UaJi aUft d)Li f*4j 

ojljdd oL>*j^j iaw , J^xJLjJi AaJ—- lixii OjjJaJl 

ctUJJ j , a-jlL>UI 5-LpLII J*l j —«Jl ^lJiio—lj 
^Jl>c_joj jlJ\j «Ljjli-Ji ^l_jii fj^ j*~i50i ^Li_J oL l:../aJ l oU a 


j»-| •L-*>*ll_Ji oLL— 41a -y -*J J^ jt 4—Jj| }\yS L_AjjJj 

t>Lui . ^ajlyg il eJ^J ^UVl C-*IUs^j otoLyiXal ^LJLj 

1 js. jT' ^Cij liaU—) (^jUxJl jrj" $LJ L (jJij'V I jL-P 1 

oj-aj . (jjjblJjj-Jlj (jJjjjJlj (j^»-jj-U$Jlj ^LjJ^ ^JplaxIl 

4^j>-Lj| oU—^ ^3 4_Lux>jj jij^S" LfcjjUj ^Jj>eI—Uj AjjjUI .itjll 

Lob ^J . ujLtM ^rL-Sl ^Kt o^- cfi-$ <Jr>- J >-t 

CjU ,4>e—< Cjjs^ t 4-J * L> ■ ■»« 1 1 *«ol P' L i_. /3 . 1 i 4 al Q J 4- a lk\ 

4*ajjUl CjLsjS— jJ| 1 jJ Ij^J (J^—^ t 4_Lsl5Ly 4jjl <>.-SjjXj 

. oIpLqI' oJ^J 


: ul&Luo/f <L*12? <UuUl! uUjMf 

j-djj |*j- L U jJj cjLpI ■— i,i^11 oAa j J'- ' 4"J l 

! LgO j}\j 4_wjLjV1 CjL jill ^jjSLKJ 

:^LL1! Jf54f 

t 4-—<U> jU-^lj Lvajlj Cj^— 9j CjL^SL J>LM ijjll ji1 y |»jlj 

jliJlj j; lal l jUJU’ 4-_JjjlJl oLlMl ^*LM iljil £>J-*J 

<aLy!?VL ji ^jLa« jj> A^bJI oljLJJI L^jfj t__^-Uail 
i^_^>-Vl iljll LySL-j? jSJJj LaLjJl jJlL 4jjj__iJ1 oljLa. ,11 J*-** 

- nr - 



^Jjol j*J!j oLjIaJIj ^jt^U^-Vl Ji* oUUyall oJjs 

■ Uj£^J SJLpUvil 


_j AjjL ** Sjiji Jl CjIi pI'. <i«all ^—^lil A — 1 p ^jl |»J_JL> 

^ij ifj uj*>ui 

Jjl —^jj ^jplisa-Jl Jj-Jlj ^Lj—^SvJlj oLil ^jA iULj-Jl <jjljU 

• <j*UL!lj JiJl JjU^j jjljj <3U^yL JLaJVl 


Ljta t_iL-.-J ijuLpL^JI ai* 0 ! ^JlvJI Ijl_* ^ U^J jSJLj 

^j(jJ| ^-jxl|j jjUJI a.Jl L' J li ijiaj Jlj*^f! ^y* jiS3l JLijl 
Lfljlj ^yr jJj-J^cJlJ tjJU-Jl ^JJoxl! aa>-^1 LiJij I—gj|J j*- j ^3 
jw ~> ul 4 jjU-*5jj^-JI C-i*-o— '* J»1 <*L>I j>»-J oUVl 

^jo 4 _xJjr cJ__>Nl vjx»lJu>-jJ! oLU_voxU 

. 0j.<LLvm1| Am^LII j^a i ' jajSS 11 


: UJI) W&JI uUilS^f >!£ - T 

jjjja-Xllj ^U-ll <J-3 *cJlJ X vt va » C_o J^lj^ .ij>-j l ., 1 Lri 
, AjjUNIj Ulill J cLqJl*_JI oljal^ll jjlJJ £-0 . L— ojjJl Ul)1 j 
oUUvail J_JL« <ij>-Ml V-U-Vl CjUUvail j-jly •JlUS' jS-Uj 


jWi oLaJii-l U-)lj <LjJddlj iLSUUJ! 

ijJJJ5j ^jUaJLI jU*JI ^^j bJ^pUJII ol»l j-j jj c5^3i 

. Uj^AJl 40 aJ| CjLo JiL-l 

: Ubd! $ 4UU4f - i 

j£ —>^J| 4—j jL^S"j + _t«! 1 lL> 1—pl*».4' H 4^lsl JC P L_-lla Tj 

^jA Sj-ij oLjj ^L»-i_-S/ 1 ,*>*iLl ob —^Ldl (jlj*o*S/l 

^Jl_ p *** j L-/^“^1 cjU 6 j _ ■S 4*>-Li_ojIJ>>“ j p-Lidl -* ' ^L-j^/l 

(1>I jS'ijli jA Lfj . 4 -J,La—] l JIj^jVI 4--jbJ,l L$J 

iljll jJ’w ^l J—p^UoI ^Lp L-L-l ^jSLS AjjUJjjlJl CjI— plj-yaJl 
oL>*idl j* jbJjJl L^j» ^j-jJlj <ol_gJi 4wL-Vl ^jjLLj jiJl 

dJ-A ^J^J . 4-dLgjJl jl All—^jJl f-lJ a- c5j^'*S/l 4j jULj jlJl 

■ks L^ j (jj-UjoVlj (jLjjJlj uJib'yij oL L -i.1 oljU jS'jj Jjll 

. oLL_JjS/i (1 )j_Jj^«J| -JL — Li l JjIj (jo^jj.J. --^_ll (^jLp 

. oLJljjJIj ^JjkJlj ^jdl Ji. <j>Jl ^ljll Jl oU>Lj 




dJUJI cjUI 

♦ * 
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UJW! oAJI 


(Natural Gas) 


t^J-^ jV^' (jf^ j^U' ^Jd 

t)i»j_Jlj (!)lij'yij OlU,l Ji« i-jijljLjl oljjj_j£jjJ^Jl ^jA JjJjJI 

(iJUi JL^ IJU . UUS! oUljUl <y 5JLJL5 Jl 

Jj UjLUl ^y-U i£jr->H. jLUl 0^3 

jjJL^J! Jk ~jj£j jjjj^Ji O....U U^J i&r jjUl ajjLoj 

• f JsM' (>• JJ^'j 

J^ a 4 ^yUUJi Ul^uj 

J> Jb-1 jll JiU oUL UJU UhiJ UUI Ol IU . 

. 4JtAjJLwl S 

^j^ jJL^aU ^Uj (jlU (_y^J U'—>■ ^jxUaJi jliJij 

oLi—JLU ,!j JjlULi J>-b <u1 J—>*jU jS 4jUaUl jjL,^ 


oLS* j-*JJ j.a ., .‘ 2.4 "Ll US* • 'i/t ^jA U^J^UIfj 

^JA JbJjJl ^-^.1*/?“] 4-aL a 4-JjI J>1j —<S Jpjmj 4-JJ jj-L^Jl 

. Ul$Ji hjUSj jXjJl oUwll 

: (Origin of Natural Gas) j&uJdJf jla// SUu j ^ a ) 

*WjL>-j L)jj^jj - l> fl l .iljll {j~® U»iL«i ^vJaJl jL«Jl jjScb 
l^>-U< 2 j U Olp ^yL-JaJl jUil of J (Methane) jliJ.1 jIp 

j*_Sljj <jwJl t_iNl -Uo j jS. _j jUII o! Jix*ll (JjjJI 

oJj^- 4jj>»Jl cjIjUJ|j ojIj'IjU~I IjLL ^ja aIS’L^JI coUULll 
Lyg_jfj . U-4J^ll 6 jlJ^“lj —*Il .W» .jll jJtr o_^ [J ko 

• ^Jj^lj Wli jliJl L^lSLJl jj| 

Ji ^^j-JaJl jUJ! jb jj J.4—T.« u jA f-UJUJl q —« U*i! iiLjfcj 

U'rfJ J , -U^lj OjJj^Jl iS j sA t P ^Lu^l j-« JU»wJl clr^j^l ^J^ 
jUJL Us’l —97 (jS*l—®Ml C-4..t_:,5 '| 4 j1 4_l5>L>’ 

. (Jjjpi ijj^ JaAS ^j„ ; LL 

JL>-jj <CjjSo ^ ^ytjJaJl jLjJl 6L (JjAj 

«.111 oL_>jp- (Hydrates) olj-u* iL*A ^ 

^ olj. b g 1 1 c-U jjj^o j^Jj . Lg_U-b (_y»oWjl jU-Jl oUj>- 


cjLiu-J J j! (JL-^pI J Jj—^jLJi (ji»L_dl 

. ^uC ji.1 la*.,<a]lj A^slUcII ojl jJ-I jJ$Cjj oLkj^Llj 


^ p\ j~u L_~«U,i oL—JaJl J o-ilp cy *-_.- Li | jU__ Jl Jj>-jjj 

, CjJa*>tilj jU«Ll 'jLx* 3 J jf cjJ’J^' <jH 

jSJu |*JlxJl (j—a 0jJlS" (ji’Lo ^ Sj^JJ jUJl -U“J£J 

(jLlxjj VL^Jl ^jj*' jkL* (jL^J '' W^* 

(^3 j . jjlj?L|j *Lojx_Jl A~ijxj| L_S v . L o. l l j jjfl^ Ljj^Jl (Jj^iil 
oJlP J oj—^'ill £j\ jX-Jl J (^-xJail jU_Jl j^> L~__L| L 

(jj jSril (JjXj <0 0Jji*il ^v 3 ! L ~ J »- 0 J;jj CjLLviJ J jA>- 
J jk>- 4j jS’JlJ j^la ^^x-LaJl jlxJl Jj —&*- jAj . JjjlJl 


: $j) JiA - ) 

. j-A* (^ ^yW.Jall jliiJ Jj. .2.4-1 j«Sl (j* (JjLLI I-L& 

^J.1 jliil J—Ljj . UjJJ J $jLJl JLoJL— ll J (JJLM l^ 1 

Jjji < *L^“ UJLl* LjuU joj (J_SJ-I iflJjJ *—wjljT Ja^- Ja~Jjj 

Lsiui jU-JI (J^j vJJ_i_Sj . Uj jLo—.—! i j ^ aa jl—*JL 
AiLUI . Uj LpLvsJIj £_~JIj JjiJI ^3L<a-« JjjjJ (j j^Jl aUJlI 



^jbJl ... lal i jLkil \£j —>■! ^bt Ju>-jj 4—»U dJJi ^l^ 

. j5J-i II* <y 

T * * ^llj^- Jjw ^s —ll *lj>wUl J*U Ijla a>-^j 

iJtlg—Vl (jJaL—xc ^JjbM Ijl-a iaj^jj . oj_*L}iJ 1 ^j—a j^a jl_-5~ 
. LLxJl oJ>-j_j Ijj jA j< 2 JalC 4-LsxiJ ‘_ - - ‘ 1*1 Ja> 4Ul>«lt 
Ja>- *X>-jj l •<vS' . <UpllsoH <jlji—>“ Adla.* 1 » ^JjsI*! IJjh la_.,7jj L5* 

jUJLj ^I Jbjjil ^j-jjJI Oiji^ -kjjj 4 _UJl 

^yUaJl jLJLj o5L_Jl jJpLlll AjjJIj ^ jSj JiJ-| |JL*j . ^^wUaJl 
. SJj-bL| j-jX«j jvaj AljsUj (jpl*llj il)!ji>- (jLjLu I 4 UJ 


Ji*~r 

j>«-Jl <_^jj.. flil L jUjJL^ IA juj ^^ip JJftLl |j—ft 

^—s<X4 ^IJ^I ^5 O ^jLjJI jUJl ^Ju> xT ,..s_ j J . ia-^jlil 
aL: ..> 1-0 j-Sl O—«-s5i Jil lilJi *L_jL>> , yij . jli_JL jS »L 
Jl iiLil . jUJl II* <y ijjdl j~I (^* f-Lj^iLJJ Ljlj^- 
^jlill jLJtll ll* —c- t_UaJI atajj 01 ^SjU j-*-* 

. lolili iiJllJi oljl~J| ^_^-Ji jJ 


V Y 



(j; j >-1 (jl>Uo /-iliiS'l jSi (JjtwJi J jjsJ-i 4iU<?| 

jjjj Ju—a*mjjj Jlo. — *> JaM*j—U.I Jl J 

jA^- jVI 4tfla‘—■ ^ Uaij ■ p—Jai-jj ^JI (j-'fjj i?L__4^j ilji 

• ijij'Jl JU-iJi £jjU® ^0* Vj*^ 

s (Uses of Natural Gas) jJuJJ! jULII mUIuJmI 

*Lut ^^-JcUa-Jf jljJl 5j;w-^ oLoi* J-JLaj JlS' 

Ij^Aj * 4ii J*"\t IfM* Jl£ JjjjJi *i3 £“j 

jU-Vl ujIjUJlC CJj Ji J__5l-4i o U 5 CJ-JJ43 (J<— 1 Jl jjjJ*J 

. jS*Jj S-IjU Oj^ jUJi iUa ^y* 

iJj^j; JjjUU e-^UJ-lj jLVl ^j* ^JDI jUJlj 
j£’ 1^1 .,<•*! * (j^U (^Jlj jjl L « l t 41 ^,,.li (Benzine) ^jjjj-Ji &j>% jU 
^jJl ^jjj, . 1 ,J| Sjix jT Jj>i-Jj J ■ Jlj h.n *,rt I f 4ifl . ...ojjj jUJi 

. jliJl ^jfi A\^pJ (J^U* 

j^Ip - J--J L v 5i U5* - JUi_5' ^yvUJl jU-Ji cSj^^^j 

* —ll -^“-Jj^J OjJj^U ll - L. — S~1 cuijl—iJl 

jUJl jlj*l—J Jjfr — J Lf*^ tj rt 1> *J' j^C 4 -vfl. 4 U-I oijliJl <sJlAj 

‘V- —^ JJ-V* JjU-x^ <j° jljj ^hiJj*: J (_y ^^M-JaJl 


vr 



■ ^ oljLjiJi oJjfc ^SJ ^»j__ojyaJ' 

(j/’ljJ^S/l ^^5—3 JLxO*<t>U Ij-L^ _ :: kil jt_iJl ^v2-J cLUJlJJ 


. 4ihku 


^La j-L/l^S' “ —9 Jj® L_jS"S L5” ^JCsJaJi ji >d| 

SjbV ^JUo-j j4^ . ^JUI Ol-lL <LJLS" 4*>lkJl Jj^a>JJ 

LJjIj jl^a^flj ^LaU (j-^ j^iSJi 9j A-oijj-^SJl ^jiJI cjUip^a 

L-JJa—>j j-oi :>j5j£ (j^L—Jlj (J»L*i|j oL_ a.*w.J.Ij Jj\_J.I ^3 

. ^JidwLxJl j^ljA*S/ 


3jijS" j ciLL.. J ^ * --U a Ji jUJI. ^IwLJxX^I IJU L,JU>-j 

jjj^>—ll olL>J.l — xj pLiJ| jtJ lLs—jP- oIjLJlJ L—J 

(yLii }j-J>jS <uisA>*_-XsJ (5si—Jlj ^yuJaJl jbJb oljLUl 

—xjj . (j 'ij/ 1 aj-lJjJI jJi ^Ij_jT i _Jl>- ^Jj oljL-JU 

A^-Ul ^Ul oijlp jl>o oljLJJ 3jijS ^*Uaj| jLdl ^lJJtXs^l 
oLjfj ^jJl (j/aL^jil oLS 'jaj LijJJi ojI jJJi (jj> -JljXs-l 
J?j>tiil (J^U^tjS/I ojL- ^j, ^-J JlxS"j v yi oLjJ OdJ^I c^H 
jj*JLj AjjLaLLj AjI jZ >1 jj__P A^-LJi ojL*2_Ji ^ JjUl *U_*sJ 
jUJi UU* LiUS J1 AiUi . (jijUi J1 Ij^-i &> I 


ji Ja-sl .>- (jjjS^j ^_JLp sIpL-_j Lt JjgJi i_L_->- ULd. (j. la»j 


Jl (£*5i j —*^i (J—jUiII (j* *LJLp A>-ji 

^JLvaJI ULfc . 4jt-\j& jj i3j>JU SjJi oUj ^LdUj ^jjjJJ 

ol jZ£ (jj Jtoww.«i>> z Jl 5 ja a—jUaJI (JLk-pl ‘dj^u i^JJJ.S” jSjj 

lOujJl Sjji j-~oJ> SJlioL? iJj^*il iiliaj . <Ujt)Ul AjUaJl 

(ol^j>-jJl) JL"-J«Vl oL*—^JLwJl J_l» jLiJl ^Ja * j^'j 

^*u_JaJl jLdi l)*V lj—iaj ulJJij . 43 ^L>j l) 1— o5 wJl APj—^> w^>j 

JjUI (j£-\j • oul (^l aip Vj l J.«la i 3 jij 

j }jJL j oljUU >jijU ^jjl-. Ji JI jUl ^»Iw 1 ?t—IwjwI L)li Ia 

■ plJUoU AjjUUj (j;iL*alaVl 

AJ i—Jjl j^\ a <U_]| ^j*jU . Ja il jUdl jUCj 

d\} ^LJLj \Lu UUl ^jUj L—S' (Calorific Value) 

jia>. ^Ip JsLLL-I ^ j— -U jjl <1 a*IJj>Oa>| ^v«* jlll 

.^jUl 

OljUJl jUj ^Ip Jj—s d . j -1 ^j—SLc «. ia l i jli-Jl {jBJ 

l)Ijj j—Jlj oUVlj oUAl oljLp ># «LL^ ll Ajj^jjjji^] 

ajjLUj_ jjjl oUoi! j* JuwL*_U aJjI ^Ijjj jOu ^jiJlj oLijJl j 

jUpAJ aU—J l sUI ^s ^--nlj c5U ^S' .J j^lj <ul$JI 
oljUjJlj «UP-UaJ| oLdJaiil I /ii oUdl oJLa aU| j^J • 
- v* . .. 


JflkUj ^pLvail fcJLJVij iijU ^Jlj 

^jJ[ j^j ^LL/j'jUi jijllj oLLaJJIj oLj-Ji L^ojIj 

, 4 jPjixi .1 *UO>-j^dJ| ij l^pijjL oLd^il oIJu^a 

J*J f j^-J-$Jl J J~^-\ ifi-i uiUi 

. ^yUaJi jUJi (Inert Gases) *lLLL| oljLJi 


s^-au^ail jtilf Jvfrfa 


iajli>- <k-rf|jj ^_pM Jj, olSU qA oiU ^y w^l a, J t jlkJi Jio 
oLl—1 UJJLS' U>5 . ‘-.JwvaJl j—* <p ji^all l- . -. ; iliVl {y> 

Jai—vsJL (L.N.G.) JL«—* jlp- A—U-Jh ^ip oljUaJl (j —j oJj— 

, <w»ij>- o!)LL 4]xw*>ij> JjjUIj 









gl J\ ujUI 


(^Uj-Mfcj-aJ! <um(<uUa 
JjAjjbJI 


4UUA/I 





















jJI oAJI 


(Wood) 

i ,—£ jlJi o Jx *—a Lj^yOC- o^U .. L | d)t >— ijjxil 

ol —£ j— il ^jA — ‘> j—^j (Cellulose) jjJj .1... — II o j^Lij 

'/. o * — ^ • U <w—^ ax«*J ^jljo «LjIjX-Ajj^3| 
^ ^lj o-LJUil (Lignin) jjO>*--UI SiU Jl 

f * — Y * tju U ^-jIjIjj CjV j - U d .l l CjUUUi L^L 

. v-~£jM ojj 

£jilj JljjlJ wL| o L ,—i^l ^0>w*l (1)1—«jj! J—Uj 

j— ., $JJ ‘Uj^Ul LjUaJI ^Ip Jj . ./iLl oULJIj jLLi’i/l 

LfcJ*pj 4_LJa , 1,1 jj^L»Vl Of-Ljl J_^ij 4 _ £5-L _ ll J_jij 4 ^LaL 

. oUIjUoUj'VI 

j« Ld ti Ij^li Oi fU-L-4. l l (ju j.^.1 1 d)l ^-UaJI |j —a ^ j5LUj 

^Lp Jj. , /iL l LUiS-j . ^yLJl ^j-JLp Uj*^>JoJ iv_LLLl 

--- A \ -- 



=TJ 


J (Wood Tar) 


dlj—k-i 


. oLLp- ^ (Pyroligneous Acid) 


(Destructive ^yjUNI _^_Laid\ L-Lp jp ^_jujj 

jj*C-j_)Lp Uj.4 Jj—-^Ji jj-p’ Jj-*—£ 0 jJa_j 2 j <jjl Distillation) 
^jJI j (Charcoal) ^jLcii Jl. LiL^U LLsL. 

I g' J> J^dj <L-^LJ| OljDi ^j-aj - jjJ-bdl CjL— o-p ^3 4_o|-L»l_U 
^_aj . qL_..Uj [j^^-jjJu^Jlj dj—> a*_«5T jIjj Jjt oIjLp 

^^iJpjj—jJl L^-jo jJjLu nL>-j—j JSljJI 

Ujil ^j-^a jj-i^il ‘L_la (^UIIj Lj-S^ Jl— -^j) 

dLJiM ^L-j ^^JLlII Jj-^il LL*il 
. Lt^Jl oL-LJl {y> J^JJ cjLT y> ^y&j . jji^Vlj 

ojS’i jj_^ Jij) ..jil d)l J a . JL * Lj*j Jjl—Lijl -t>-jj L aS 

oLl jjJl oLS”j-JL l cs^" Jj^^i'l £ ^-*j (L^jT 

. ujVjLJIj 

^Ip LSUail jj\ XiL^J (jLJ^U jjlj—iU ^I_l>co^A_J fjLij 
jjwail (_^j__^- l sj^» fLJLJi jIL-jI JJb ^lLJl ^jiL.1 

*\y* ^ilUl jA JLjjlt .^^Ip <L-la Jjv±i-I O-tiLi jAj p4_LJl 

xJL oijtp ^l^ aLj^- jl ^j>- Jdji (j^ ^I- Lw ^VIj 


AY 



iiUaJl I iJU ► A-JLc^ ojlj>- oU-jJ> ^Jj 

LgJ uIjIjLp ^ij y^j I a —^w ^ LtJl 

oljLi Jl ^jA 4-sJIp A-* j ^jip l — £j|4 — *jHjA A — Jji J>- *L*—J> 

j>J {JiLiu lJU^I 4jjIj^-I a^aJIj , ^J^jSjj j^Jl 

, 4jjIjsM 4-^jJl ( ^ ) 

£^j-Jl ot J—4 jL-^-J1 ^J 

Sjjj-yiJlj jjJl (ji’LL-Ll ^ <L^iULj iiUaJi Jj-^osLl 

0j^liaJ jjbbli oj-fc ,j^j*J J- l ,*■ “ !■ Ij JjljJI j!>b>-l ^J\ 

^jj Lfbj^j L^oj^aJ- A^pljjJl 4 j jJl (JlJuU Lysuij . J>t- ^atl l 

• ptajjf* (J-L*Ll4 



(Biomass) 


£7~^i * —j^ljjll JL»-P^lj <d x ^u^I jt Oj j>il ^jA 

Lg— ■Ss' (^l- l aj ^1 \j 4-Jlj^i-i jt 4 _-jLjJ| *1j**» Cj\ iL>tll £jA 

jU jwll a^—J l l-oj-j (^JJl j* ‘i I ajj—^^-I a_!lx—^ÑJI jt ^L*j^-Jl 

• jij-^Jij Lt>jUi jA ^iSJL 


6kl& jA j/3 lr>dJ 0 Jj.aj) AA-> j& L< j> l)j*^ , LJ| jf^S lA3 J 

a!a jLdfcW i-g-L j>v_Xj V^x* S^l^Lu»^Ii ^jb UajIj oLiLxli 

Ajij^laJij , I Lv2~>-jJ o.5J>wo AilL ^lp (Jjfrt/l 1-1 

ijj Jc>U Ll/3 -w2->- cJjLO iolpj jX>- J> ololpxil oJjfc £*s ?J 

^Jjj Oirt~ j*~5jI i-jUp Ij^cSCJl ilxu<ll_jj £^sdP l^J 


jVp jA < ^J-a . -» —a i^SjZj ii.*,* > - (Biogas) £ j^^l jUI IJL* 

^ijll jj JJ>^Jl gj| j_J j&ju Jj, 2oLi)fL (Methane) jiiJ.1 
^oij^fi ajjo3»* jA J.—jJj 2iU-J LgJ_ip*cJ ^jfCr Lii j aJu/JI 

• ^bjJI 


^jjI jJ&^Ui j^Jxlii aJa>j ^LfcZ>NL JjjJi OIAj ISjA>-j 
6 lftj . Jjjj i yyS Aioj^c^lj (Biogas) <£ jJ-i jLJl 


M 




cjLL—Jlj i-jjjjVi JjJ-Jl ^jwvaJlj * U g Jl » Jj-Jl 

. jA 'i/l 3J>«Jtl CjIjV jJlj 

^LjV • J— iSjft^ j+** ijj 

^ Vl a~pI jjJl cjL_ai>JI olS" y ^j-^J-l jUJl 

jv>t«Jlj J.,^kll ^jJlylj SfrLjjU iaj^Ul iilia_Jl ^jlp Jjv2J-I 

. ‘tJjjJI jJ^LIIj j^JI <_$* ^v’U-j 

jj-J-l jUJl ^jLp J j . / 3 4 -1 j-LLl juUsJl l-U ^yj 

l-U d)f U-._>- 5jj-J-l CjUl_ Ut<» 1 1 Jl yOUl ^JJ —>d)l «tJ —^_P ^y 

ojljJ-l ^-j^> jJ (Exothermic) Sjlj>JJ lljLL JpUJI 
JULj jJjJJ jL>J1 Ujj-U- (J*ji U* oljliJi J a* .Jy *>bjjj 

. sjjUU-1 ^jSTUVL £>-^li Ijlj*^t JLLl 

■IC v j jJjil y a/U! ^j_-^-I jUJI < u»5* ut j—SLL* 1 j^> 1 j 
^JpLiJL ^j —j L^JsLiJ ^L^jl jt t*. y>- Lj-^LJl JpLiJ ^^lp U<L*«t 
aLj. i o. aS' ^j a i l w JlJ jdl jUJl J* .>Uj> ^j)ldL_>j t£j~Ll 
olALaJJ LsP-jj ^y-Jp cUij^j LjC^Jl J>LiJ oLi . L$i>LiJ 

jt “Lpj—t^--> (j - ' 4 *UU fl L^>plJ-*"J < w a J> fa-——l l 4jj,., rt ,- * Ji 

J-* v— jL‘T Lf) ^lJ_4 y* 4jj_^- Ji Lw 4 LySbtj . 4jJpl—ill 

. Lj-^JI 


J^sjUI 

(Gasohol) 


jiUaii *+&\i>-j ^iL^j JjIjXLI j»lI 

Jj*U- 1 ^j, frl— ' Ji w Jl jUsul 0-££l ot SiJL>«J.I 4wjllil 

. eiLjufj L^ 1 -j>-jj 4 LiaJ 43La II ja ^j>-I £-ijjt 

4^_Ijl .ilj^Sf 4_jp|jjll o>\ .,>UJ ^jAjoj oLjLiJI Ij^jJ^ :U 

L^j I—« aL.^I^j tliiij ^j-JJVl Jj>t^Jl ^Ip Jj— yfl>JJ 

. 4jj_JL! il^jflj oLj$U 

Ou\j /Jl u4 J s y_> Jdjij-^i jf"J 

^Jjl ^j— 4 oj^ii Lr 4 i-$—°jij*— J *UL j-—-* VI 3J>*J.I oL-j^/jil 
3j3j—5" 4»lj>w-—xlj ^ Lt —I Jj>*£ji ^-LjJL ol-b ^y-jJl JjjJI 

. oljLJJ 

j»j (Gasoline) jJjjULi ^ L. -U L_- oL>j 

jiW tU>- oljl-.U) ^jjjS" (Ethyl Alcohol) ^^1 J j>*£S 1 
£j* j* ._ w . 4 jAj (Gasohol) ® Jj-^jjU^ | i ■«! JaJjLi |j—a cs^* 

. 4jjJu£-VL Jj>*^J (jJjjL* JjOJ^Jl 



j (Octane Number) Ols-SjVl p*j _rr-*ij 
J f JULoli J)j-J jJlJ 0 L 4 JI ^La-j-i & (Calorific Value) 

UoVj>*Sl _Jl l)1 LjjaU LUbiS* . o(ijL—wJl oli' 

• <jUjjLJJ jUS’jVi AjjU-J.lj l$J OUS’j'Vl ^Uljlj jLr 
ijJjjUU (jj —jij ‘-Lj>' 2jjlI <to—jjjJi LLc j*^*JI Lwj 

. oVjp-c^Jl 4 jjI j^-l 

jJl Uj—®jjLLi ^jSjj j^LJI L>^i Lr"J 

(jijj ^JJI jLVi o^/j>*SUl <5ljip-l ^ijjil 

jJl J-UJ £ lj s,U A3LLI j-* L_L .LLooVl ^JI 
oUj^l ^ij jiji uUjjU-l (Jl LU ^iJ (Tetraethyl Lead) 
i) j>JJ SJJiS ^ J —JUj ^ja ojLU eJL 4 jJj£ U» Cfljfj . <J 
■SilSCl jlj-LVl j—* j^^Jl O-—j j_Ja>* jIj 4—« U > Lj 

j*LJI i,,, jn../a_lL *u__*v 2 j U — ■>■ jL«jVl 4 — i/?l>-j 4— — sL| oLiSLSUl 
^yl—SUl jLlj^tj L_jUVlj ^ .. /3-» Jl jLgJ^Lj jijv^Vlj U_jVIj 

U>* ^l ULUL jLUI JUL'Vl 4 jUI Ji ^UVl Ujli 

^jLjroJl <UU LtJj ^j-xll jjUIj°^L UL’^J 4 Ul>U jL^I 

. ^L>jJI oLSjC OjLU ^JjjIp oljUi 

Cv>li 0—43 j^L»jJl oLS’jl sjjJLLJl jLLLll ejug— 11 jLjj 


AV 



jL_j>eJJ iaj^AJj CdLj j . * . "1 |j j—' 0 jji^Ul 

jI ^ij ui—jjjLLl £jUl i-J-* ojs 

<j}[ 4_^l- jLi l$-J Jj^ cuiui jJi 

(Methyl Tertiary jJMl J*!*- ^L* Ji* jjU-| 

LLXJl c->ii 4j j>u$JI *\ jil o^t jt Butyl Ether) 

oL-^j^fl ^ij S^Lj J—p jlpLj (Isoparaffins) ipjidl 

u^j • oljLJI olS"J>ta ^taVl ijj._ -~£- ^JLLj (jJjjLjLl 

. ^L?jJl C-*LJj* flj^Jl jJu Ajl_gJ| 

^^Lp J . va «- 4 j N Jj^jjLLl ijij U)t l J : yO * 6l L_jh i jjj 

LUjl_S" Jj . (j^JjjLLl ^^jLijVl Jj—>*£Jl «LJL^[ 

JpLL (j5L (Methyl Alcohol) J y *5Jl 

J—pUJI « Oj>j£JI -L_—Sl Jjt 

j LJLp Sjlj> <L»*j3 *Up JpL_a ^L^ ^j j$ — LLjjl ij>j 
5j-Lx LLp J j^t aJ-l ^.X>iT....U (j^-jjJL^—llj . £<&jA 

Juw-Jst Jji (jjLp la .i. L - d)l Lajt j—SUjj . pIU jl >«—j OLidl jU 1 
(Synthesis Gas) jiiJ.1 jLJl ^L ui jju (j^jj^uJlj Jjjj£JI 
Lj_i_/jj-uJI oijLiJl jl p>UJl ^jJL ^jJl j 

. sjpLII j »\ j>Jlj ^lll jI>cj ^»j>-j ^ HJij oLll L<*L>-j 


AA 



Jj>l5_Jl J S <>j\—XLA L& J—jAII ^jA jJ_-J Jij 

JjAjjbLl iji j j L»4»l-Li«— iuJ -Up ^Lu_ L l Jj>o>LI|j 
J. < t-«.. J l ^^3 ^jL-iJl t)j»*5—Jl Ojf^i (_ yL. ■*J .VI Jj>t5Jl Of J J . 2.'.3 
JJP JjA jjl>JJ 4 jjI^L| 4— » .-flJl ^Lfljjl jjjlljljj fljjjjJ-1 

<jAaJ1 oU <4>- j* AjI Vj, . fljr^- ^ (^rd^l Jj>tSJl 

jjwsA^- ^j Lj -jVI Jj>»iCJl plj> » . i .*»l j—« JtAs^/l \Sj—i -L> 
^yLjj^l J_p^3l ot cL>- ^jLuil Jjp^SJI aj* SLaL Jjj* jjU-l 

j5L«Jl yJfrj Oj-Jl 4j^5_Jij 4j j jjJl il_^l J^>^ jfl jfl>t < 

. LStJuJl j|jll Jj3 ^jxL^ll J 

L-Lfl-Jl oIjLi—pVI u>-j_j ajI /JLj ot Qjfl—II j*j 

jt Ljj-flll j—. Jj—^jjU-l ^j-sj j -: « /? p 4., ,;i, 1 1 j 
jL ,>1 j_ll (jJjjLLl L_i-j (Polar) Liai cjVj>*£JI 

oL_5jLl j_4 j^i >LLl jt jS'JLj LUjIj . (Non-Polar) LkiJl 
Ot L_a jiTi (j_jL_Jl j->»U 4—■._. ! ■ > j . 4>jj__*ll 4.». .U,_flll 
j4 4jU_U flL t ^g 4___J ^^Ilp (_£jl__>«j L SiLp ^JjhI—J.I (jUjjLLl 
j fLIl ja L .<■■•■ i jjSl 4 .11 ») ^L £jJjI>«J i_) jj>*5J( L *..l . ^lll 
plil LlflJ J^S Jj^jjlLl ijSJ j-sAS 5 - -Ua 3 . 4U« ^j/liiilJl C_-Aygj 

uUjjLL) j— 4 ^lj^l iJj" >d_ll Jj>*5LJ! ^ oj>jil 



ji]|j i jSj y J js>*£]\j 

^^3jil (Jlj-^l Li—(J’l^Ui'Vl ^j-Jl ^3i 

. <1 a^amJ^I jl j+p^\ OjJcs*- SjUwJl 
t^ijL>ijJi y* JjJlJ! Ooj>-t a Jjjj ^Ip i—JJodJj 

(Tertiary Butyl Jt&Ul Jlj j— il Jj>*£)! jl aji^l-JI i>-.j 
fld! ^lj^Nl J>®>jjUL-| jj5 j JJap)/ j|jll J-vait y* Alcohol) 
• c5W>' jt iJ^y' 1 Jj^tlj J^jj^rl <y* ajU^CI 

<LJI>mJU oN j>c£)Ij JjJjjlU-l y° JS' y\j>~ 'C^ljj y*j 
J^JjJ\ Jj>«_5Ji j^ij>- Ua-ilj J^jjUUI J 

J J j —£j ^Jljj A.ll Jj>«5J| jt L—jU 

Jj>*£Jl Jj-oj dJjLS . OlsS’jNl ^ij U^L>- 

J (_5ja 5LJI oAjliJj J£- Ua yj ■ 4—jjIj^M ^U-ll jJ*lj 

. JjAjjlLl 3 jSj ^Jl Jj>«i£JI | jjfc SiU>| 

jt JL^Vl Jj>^3! <y J5* ciUiu U ioUj 

. JjajjLL j j*j Ji 7* ^ * ~ ^ 0 ^ji 




(Wastes) 

SjjijyaJL pJUJl f'U-jl iiL-S ^ JjIjiJJ Ijiaj 

c_dix>J *uL/9 cp Uj iJ^L^v»\l aJljLa s^Lj 

jLvj , )ll j-i^ -j jJL# ki-» jJl> AjLW laj L$—*>c>-J L^Pjj 

4^jL 5jjv3J lZjLLU« 1I aJL& ^ja j/3.1_>uJI ^jLi LUwLJ . ‘JJa^jLx j 

&j J-jJ L$JI i|j_i^LI iaUil <>w2-Jl ^jLp «Lxj_iaXLaj 

4_JLUVL oLmjj_UJIj L.JC-XJI y* j_j^_JI j^jJ i__J-L> 

jLijj»l c5*^3d Lf (j^jl jaJI L^g j ij . L^pIjjI u — «c»IjJL^-I 
jlsji vi^jJij $j rt.tiij ijJjSJir «u*wjjUJij i_jjcSLJi u^L/^i 

. OLJ^/I ‘w-.yaj ^jXJl 4jwL*il jrfj|ja *y( UJ-Pj <wJj^-lj ^jjLjJl 

(5-Laj lfs^lj>-j LgJUPjJ ^ <y LilSxJ 4..1 yg )I CjUUJIJ 

Cjljiipxil J^—JU . <ulL>J.I LaJl J»l jjJL L*jiljj L^Lj 

<j>-L>-^JI <pjli_JI cj|j-jJI 5il5j (JjjJlj ^UiaJl Ll2__j. LJjiii 

iu L JL > - ^fl L>L—Jj 4^3.I jj-j^lil l_ jLjJ 4_5Ll_x*^L._i|j 4-jJL*i|j 

LpLvsJI oUi>ciLcliJ3S . cili^Uvil LLSjj <J%l* 1I aljilj 
LU—>j if-LaJl oljl™Jl JSL-Aj . 4^iix>«ii ^_Jlyail 4__^LJ| 



iwP-ljjil 4sl—jNL 4_-d^5CJl Sj^Vl 

jj’i/l jj<i-f J OjUl 4 aL_pIj j, Lfl ,. J l l_. lv >“ Ji—« » LjL-jJlj 

. c-jLIjjJ-I ijdLtU^o Uiulj t-JJuj £*jiJlj 

(j-aiL-J? p—lUJl Lj-i i5L_k]lj j>jJj_J| jiL^o o\ c . : ^ j 

£-Lj| f j^ djLflJ—^i.1 eJjfci ‘^'LLl cjLu i_fJJjJ . 

eJ>Ju>Cj> L^jL oLaiixII c-i-A 4JUaJl ^-U <Jjva>JJ iljo 

' . <ojL Ojjn^Jjj 

(JjiaJl eJ lAi ^jTj . viiJJJ j eAp J>-j;j 

(jiJj Oljo^Jl e ( jS”Lat C*H ^LaLiJ.1 oJL& ^Jaj 

Lfljj-LJl oJjb jt ^t-y^l jj . ^jijVl ^ ja»^ C—^ ‘Wcsl^- ^^3 

jisLLl oJ_a ^ Liji-I oL__Ll jL ^JjjiaJI ^joii J-& i£^y* 
oLaLp-J .1 jj> LJLp c—d cjLaUiLI oJla <_£jX^ L_Up 4_>LAj 

o_l^J ^ sl jfc^UI —S . ^ j^ -JL 4Lo->Jl 4 c pl:.Aa.1l 

ti>j_x>- ^ijj 0 j L_f 4 jcoj C-j uliLl jLp (jjj$L_j ^ll CdU^til 

jLULl ^^—M L^LaJ ilifcl— Jl t-JJl5LJl ^Jj 4_JUi>[ . 

. oljo_Jl jp sj—aJI 

iljil <w?L>-j aJ—^J l oLtL>Jl (jj>- JoJJ 4lL-iJl aajjJJIj 

VJUI i_JUJVlj JljjVl JJU V-U- **Jj->- ^ ^ ^ 


SSLJaJlj l)I jr-^I ^ ujUL-s^MI C->La)_>oij 

JLJJJ jl iliiilll ljpl ^ jljil 0Jj5> (Jj>- ^jA oU—Ijlil 4 jjI ji-l 
DJil ^jl—>■ 4+s*[>- oU-j IjX DljiVl 6wi—* ^Iojj . p-L — < jg_ £ ][ 

Lg^lJ^w^l ^jp Adjjia_ll o-Laj c aJI j^-*Jl (jJsLLl (jP d_Ljuj 

^ L_iL>Tj aL-JJ Aj jiilj oji-jJl oljliJl (j-o Sj~S" oL*^ ijt)Laj| 
j^>-jj tii_l.LT . olxUJ.1 oJ— ajjSTLI ■iijil £jU Lij I^•“—p ji 
qa ^jUJI ^LjJI AiLw’l . 4 JLjJ— ll oU—vi-lj twil j_jJ| 

4 _«li[ Xs- ^UiaNI <wj>-jj . oUUJ.1 oAa Jj—>- oL.Lfi 

aLa^JI olvUilj illu l)j_^ (jtj t_j>! Olj^I 

<Sw_Jl ^ylp I^U>- SjLaJI iwwjljLilj oljliJl oL& j^i ^j^aL- p xilL 

. dLi'i/l A>CV?j 

‘UiljrLlj *u—^ijjJl oLijxil jiitj L*> A. d ->j!l jLLil j 
o<La ^ja I pjo (Biomass) ajj^LI a_L$3I L^-Lp jILi ^j-IIj 
L.-- w > - <L*-»L« olj-^- l^J ^Jaajj Av?l>- jA>- L^a-Ujj oldl>iil 
oJU ^jwjiSLII JsLliJI Jxaj (Methane) 6lLil jLU 0j5L 
(Biogas) jl>-jJl ^iL)! (jLil jlp (JLp jiL»j . oLal?xil 
,ji?Ldl |*Uk)l i|jp[j jUljpf ^J__>*l —j lL-w>- 

. UjJl 


\r 



oUL_>cil jJ—a -UxlU - S\ 4 _JLjia iib. 

JaJ tj SjjJij Jj^lj cjLiLj LLij J_*JtJ J 

^jji Sj£*-v2—Ji ^jLaii Li^J jl>c JlVi <—dlSj iLUaJlj 

£• 1 jJi j * — > »xil CjLLp IgJ olxJ—>Ll 6jiA ^ 

(Ethyl Alcohol) J y>S Ji gz 3 LjjxCii ^ LU- 

e T.jj oLj>iJj>fcI m)*V1 LjLp^/L $jS' ^Jj>t—^JJ l 

^j^aLrjJi ^jJ| A3L=*[ LLuIj 61 JjL ol LLjjil! j 
6LJ^1 A>t-v2— j ojJa>- jij^l j-« 4 ~-—««j Loj ‘~- J jLjJJ Lwo 

Aj? *bfi. . JjliaJi (j-L' Jj-v2>JJ .sJ—>«Xa L^-oiwX>cJLwgl LjIj 

^jO flJuj-Jki djL>diii J|fi« ) jAj j*Lft J J^l -L iiLlto -i>-JJ 
ci^Lflij-til ejjfc Ji Ljj^-lf £jA Aji ■ cjhjJLJbl ajwa 

jjjj ‘U—SjjJij L>-L>-jJlj iJjjjj ^ijil lg-jl>j^l« jS*-{ 

^JLajJ jj—® L«1*-t>wji .il* j L-LkJL1 j 1jiu . SJL>” ^—L ^JiT 

jj| Ljj £ 3 +A j j Laj 4-U? Lri^j^i iljiij • 0 jUuaII wb«W-l 

^ijilj . 0jUl. ■C-C.JI jT #-ijLt^-l c-'L>-L>-jli 

. u-LLUij 4JL-*Ul jkijM cjjjil I4U jA>0 aJjjJI 


u 



. J?i_kil ‘LplLyS’ ^ iC-LflJI oljl—Jl oljlUjj 

^jfCc <L_3jjJaJl aJ -^—ij . jjjlj-J-l f-ljiJl oJ>Lo j*— JsjC- ^ 

^jJj iilysl . ol—iUJ.1 oJL*> U . m _> s j~S oUJ ^y> ^jaJUcJI 
ciJlSC-J jj* iJ^ JijLj U ilJ-ll oJfl 4jiLyOX6Vl 4—wjl 

. oliij-iJl o_La ^jo t j/a.L>dl 



cjLJI 


At \mal\ 





















awuitfuaJ! 

♦♦ 

(Solar Power) 

: 44^4 


A^-_Jjj <jC—J! js£' 4j^J.—J l SjU<ii-l jj } lat ^ 

<wJ j-JjJ sjbljxl! oNUx>-Vl L v^ — j ij isLkJl jjI 4iL^3 Jjjxll 
jLaj JjjX^j ^ 5 **^ kXi-dlJl iilUJl jJ iUa« 
(JUiaj ^ ^wJjIaJI) oJL^U.1 jjjXSI *-^- i j>- LXo—ftL%*j dUi 

^JJl ^’i/l Jj^i-Jl U/^U-j 4j-bJ— fiJi SiUaJl j^lv:—o jL*-J £&j 
jjJLll ^ (JjLvUju—^JI 'wd.yaXLwO ,y oLLaJl J-c jt <^>j ,,-t.i jjpt 

^JU-Jl Jj^ j--^^J| C ' ^ pjLvj -Ais Lg^.-^.i_>- iw^Uv<S/l tiLLxJj 

U. L -_ l . S l 1 | jU,A. Il oJuA p|JJxlv«i J—^jJ _il j-jIJcJ| 31 Pxj L 

|jA ^Sj . Lj AjjJLdJ j^-J 6J—JJ->- jiLvi^ d^ljbxlvjl 4illaJJ 

ia-JLJj £_J3jJ J-Jwa_Jl Jj£=L-| AilS* Ojjlya-J J-«wJl 



SJjJsjLI olSUaJl ^! J Jj’L*»jj l!jL>-jJ 

^Ip- iiLJu>JJ Ljulj <b L Ifll ! ^jA SJjIjxLI cj! _^-Lx^-NI aaIS* 

iilSj JL-j'VI £>■—*aJ j* Jj Loj l Lj jJdJl AtJl 

■ Li y^~j CjLj jfi c-ilj_J»xii 

<£bJI AiliaJl jSLii SjJ^>*xi!j oJjJjLI oLillaJI oJj> 

oUa—->«ilj jl>t-—ll oLa U~~* ^L _il iSUallj ^j^j'ifI Sjl j—>~ 

Jl AiU^I . C LJI iiUJ jJUMj Ul 2Sj^ y 2AJI OiS\j 

cjUIL J !U LJl j_J-1j ^pIjjJI oLai>J.I j a s jJ jxLl oLJliaJI 

oJ-A ii- O jL-| ^j-—# J®J - JjJbjjLLlJ (j^LJ^Jl 

|Jla» j a «L3 jU (_5j—>~1 £-v>ij^ (_?“ 9 o— 4 4-Jii_>*i! jJ I 

. V L£JI 

UJL ^s<aj 'ij L.Llalj ^jbj j»U jJlvO- _^jj.<jVlj 

jiUu jisl joj . u-_uJi isUaii jjbj iiiyi j* 

l.._..Llx* J jj^53l AillaJi JjJ>cJLj . (_^jUJl IjSijJ ^ilJaJI 

. ^ j .>j > ,. *J | ^JIj 

^jUlj Oj__*Jl iikii ot ^-UaJl Uia ^ jUjj <1)1 -Uiil 

/jfl j-Xaj \jjP Jao>«il ljj-i <_^j*Jl gslW j* 


U AiliaJLj ^JL_aJ| ^ls»U-« ^XpI 

, A^p jVi ojSUi Oj^i J ■ > * ■ ! ! 


iillaJJ 4_. jJl j^Lciil jP l-Wte li^ j-al < —^‘J L LojIj 
431—LJl Lajtj ^^wJaJl jU—lij Jjj^Ji L-L^>C3 

iaiajL JL-jJxil jft-'-.ji l*ajf j jLSL-Jj j+Z i 1 Jutjji £*j . 4—^11! 

4pI jjj 4 pL^ ^y> iLbkil LjjJI <kJLJVl L^xil 


. j Laj OtjLaljlij ^JjL—JLS (_£jp-f ^Ja—0.J ^Jj 4 _>-LjKJ 

<5llaJl £y> 4jJl_JLU 1 eJ^gJ <4iSbJ.I cIjUII i^lb 

j^l ^jJ Ais LLijl J . Laj jJtJ3 |»J>pj 4wJl J—p kLt>tJJ LLSjTj - 

eJjJci-i 4jliaJl oL_k>-jJjXSCt jjjlajj ^jip L—gJv>- ^j-^alj ^ 

^3jjC j.yd^ ^X a- u U> 4 ^w o-mLJ 1 <9Llltl l&f ^xJij 5^d>td| j 
jiwL* jjlp «^i_Ji <5liaJi ^LjLa 0 L 4 S .££*—£i - yS^Aj~ui)JH 

. r UJ! 


(JLL^wI' 5jJ<i y k--.—»JtJl AjLJaJl jJj j SvCj 

<Lj L »-*5 C Jf 4xL>_«j| ^jVi ■ 4 j m/X&a oLLt^P 

L-JLj- 4S3| AwlwJi 4JLi3lj (Helio-chemical) 5™_ 

LwLLll 4 jjIjJ-I AwUjJI ^ xiJbllj (Helio-electrical) kwLJi 

. (Helio-thenrial) 



Jl lil UJUJU 

(Fossil ijJjiI ^Ul ^lj (Photosynthesis) 

LjLj^ 5JI jliJtj Jjj^Jij ^j^JI Fuel) 

(Solar L...v..»...Lj I UAiLI ^Ja—Jjj *ljj^5v]1 jJ J1 a-Up j....^ *.1| 

^LjU^I ^^Lv^ial ^wU U-^-JJl ijjlj—J-l aJl^jJIj Cells) 
. AjjI J>- 4iLL ^jJl LpU-i'b/l AilkJl Jjj^j ^yWtJtJl 


: fHnoJiff <uLbif ^ 

: (Solar Heating) 1 I I 

oJL_>tU,Ij SJjJLLI ‘L-jlkJl L—^-jJjj5s j (j| Ojj-*il 

<-»LJl jl U Jui_xll Jj-tJl ^ JjUm (jlkj ^yUj aJ j ^ wj I g ULiT 

‘cjIq.. LJl ji5l ja M^iJl _.tll jJ^AJJ . frlj- J^- ^yLp 

. iijjzllj L^uU-jJI ^j^I^p! ^3 Lpjlll - - 

ifilkJl j>- ^jtfLvaX*! —w^-Lil Sj5o ^jSjj 

t—.vL v gJl jl |» jja jJ jfl ^jO 4-^1?“ ^J iljvi djtmljj 4jj1ji-| 

U-if —^*j! j*—Lall 3j 4 .a»^/I (jjJJL ‘-i—‘ > ~ u^L^Ul jl 


Lf*-^- u<>Usiu1 Jp »^Ljj LptU ^j^JLJl 

. AiS-LJlj ~Jl -Cjl—klP 43I5” l^lwLir^ii! |“jJl Jljk 


^ 4 Y 



_ r Vi _Jl ^ 6j^L — ll 0 <-La j-- — kj |»J JiJ 

<jJJij ‘Up-IwJI (jjijlj Jjl—J.1 ^ ^ydlj 

. iiJxUj <u>-LJI oUl tjf L^ajJj L jJ 

Tjl> (Solar Heaters) L—lL I oUUU^Ll Oli j-^a__* ^j 
<Jji! 1—Jj- C —. J fjj • CjL-^Ltll J—Slj! Jxa lj 

^Ljj O<_*jj5Jl J*iL«il ^—ij t <Up- 1 : H (_^jJl o_b jJ-1 

cjUU *—• <1)L* L>«jjJj L^Jt>L)j LwLtJI cjUL>tJl oJL ^IjUcL 
pUj^JI cjILJ* Js- jJ j>- f-<wJI jJLU pUj^II j! jUJl 
. Cj jJdl ,y LJl Js JiUi-l J> LaLII LJljIj 

v«jJI ^LLJU Jjaj L (jL* JjCaj <_>j—p-i jjo JLaj 

^jIj— i (Jia 4-J-LnJ.I ^jlj-lJl jt Uljil (j/a —*j ^wLL-Xj 
j! U|jil oIa 0j£j <L-w>“ £»tAJl jsJa-Jl oli Jjivail pjOjJVl 
LJLil jj— *LlJl Ljf Lal>- LLkj <l*-«^AJ| ^jIjJJI 

J!L 6jljJ-l <>-J^ J-J <L^*“ Ij jJL» OjjJ ^J LgX4 

o^Lll (jo j-iSJl j fr y? L^JJj>oJ ^JLJUj JIp ol>ji 

^jLp Ja-—Lj p_i *Lyal>- C->Lj*)Lp <ia—jLr—J| ^L jt 

. pU^^Jl jjjJ oLjjJl 



^ 4mb4n£J{ 4illa]| ^»|jjiO*>l 






Jj-jJl ^ya j~Q\ c-^li jJj 

L g- Xfi S^-i . Us-kJl —tJl 4iLkJl ( Jl-* Jj^J-l jSj-*) 

SJux dl oL-»V jJL j-Si~r~ —5J j__u 4 jV j ^—3 a>»Lj—L l oLjj—iil 

c. LJjJ ^jJljJl JL>j «L-^Uil lljIpjjJJlI lUJS'j . AjiCtj^^l 
. j cJVl JU>- J o^ Sl olpjjJtll L^utj 

: (Solar Batteries) <u^uJf tUujUaJf - T 

J& Jj—saLl oLjUaJl oJ—gJ La-Jj—1| S jSia}\ 

(Direct sjJtL 4 m * » » JJ I 43lkl Jj>c_ju <uJjv^j^^Jl 

<jA* JJ_A' Jj^ LiLk Conversion) 

Lllij LjLw 5" jt LSLjL^vi jl oJLS" 4 jjI j>- ^j>-VI iSLUil jjvp 
^ lj (Photovoltaic Cells) JLJj^j^^SJi LtAi-l <k^l jj 
LJJ aJi ^k.4 ,jpi-c ^^3 (SolarCells) u—»JLjl L!)ULL SiU 
jl l } G ijJL>* olpLLb^i aA a *J*? J^J 

, L^ij>o jt JLJ-I J L^Uio-i jSs Li*->- u—jLj^S” 25LU ^1| 
^oljil J oLtjil Lv»L>»i p o -yg.i ^j-ji IJ^ oLjkdlj 
ojp ^J_JL« ^pj—J ^Jl £__sljilj . <Lj_J* oljlLJ oJU*—J l 

0 jSij jt ciilJUj . L^-*Jik J Ijl>- *L_~*li o j5o oj^-Vl 

^jvJlj 4 jj—L^LI j ^L-Jjl—1 <Jl—C- <L®jl 4« Ob ClLj_ta.—U cJ_ft 

— ——— ■ - \ *d ———- ■ 



u*'*- r 




Sj Jal^ (1)1 j 



Jul&Jl IsliaJlj tLjjSZM Jj y olk>^t £s| y> 

- ^ --- 





jZX 4..oLjUaJl jA ^JjjI SiJjP -X>-jjj 


^lJj>c-Olj L_~-».J 1 oLjUaJlj ioj^LXwJl <-w—*JiJl oLjUaJI 
jJ-o —*j —jJl oLjLkJi Ljufj . ^ j—"ol^Jl JOj—jS” 

. (Thenno-couple) ^jl JA ^lj^jVi aLJjj 

^IjJI (j* (Silicon Cells) iojSLL-Jl oLjlkJl jO«Jj 
cLojJ-l (jJJJJj . l^jjia—JJ L»|j>*Iol 4-v—<LJ! oLjlkJl 

. L—»Jj| oLjUaJi ^ £jUi 1 -La ^jIp La 

j— J 2>J~£> j— a LjSkJ j Jl <L-wLlJl 4 jj L LJ l jj5L_Xj 
j - w^' .p ^ja Kb- ^J—.S” tJjSL L^)LL| jt oljjilJl 

eJjfc ^yWj . 0jLjjJl jLl ^yJi 0 J ...CL.Jl 

oLj^j5G)II ^L_p (Sji^“ L —t—Jl—Jl gjj—5LL—JL 4>«—jjJl 
(_^jI>J.lj l) jSJcLJl jA jLLl <>r—jjJl o*i^J Ja*>»jj . 4__oJJaJ| 
Oj^j—LJL jU?Vl ItaLfc ^yO—oj . <Jjjj-Jl yjals- jA jl—;l 

ijjllaJl L'L^UM ai-* ^J.ya.'o j . jii 
ijUaJl jSyo 4_Lk «bLjj~- ^ ^j^JUl jLUI jO_; 
i_^I—^ L-jyLjLl oUa JsSjj . —Jl 4*—JiV LwjJl 

■Lj^M oUjiii ^J-pUjj LjLjJi j-jIj |»ISL>“L LoLLJi 



L ^Jl L^J OiLjj] aJLJLI .>1 J/ j £* 

. 6u jjyuJi 

: JuWJI U^JJ 4ic&u £UUa2u?l 

: Jl-j- ac>Vl>w ^ L—«wJLll L^jLi j 

. ^^»1jp^l ^Lj^SOi jlJjj — \ 

. jJl ^j^ljpV pI j^waJl Ld jjLI oLJ»l £*-U - Y 

. ^ai oiu vj. ^ul- - r 

, <J_jjlJl o~jLT -LjiaiL Aj^jjtfCJl AjL»jJ-| — ^ 

. oljUaiL CjI jjUaJJ £j^aJlj J*_j-$Jl LLiU-j-L« Sf-lUi — O 

. 4jjJj>J,| jjpld! ^ JjVjJl wLyS»J tJLlUa>*-« — *\ 

(jj-laJl jjJui CjLJ^Ap^I oU*-jJ^ LjLJj U L- : !' J— j ii ■ ■ J J - V 
oljLil^ <Lji jwX^-l Jl oljUI cLUJ5j . ajjIj—» waJi 

. V 1 ^' aLi,j)fl 

.» pLj^JL (AjjiUcJl) Jjo jp ^j^LaJ! olis>«> >L $Jj ~■ A 



jy> _>-jULl ^ ..4 o 


StfeJl JJlJ {_j-JlJ 4~~*-*iJl ^LjUaJl £jA 4—^ljL 

<^i C$H j J| 

• ^Vl 


JL*_*-iJl oLjlkJl JJi ^jJl 5iU?[ 

. ^yrjli-l ^LkaJI ^ kplisJl'jUi’Vl 




jUI ^ui 


lT' 

£Up( ^ 4^U! <L£lkuir 

uUu^f5 jbJf dU$ ^ <UuUf ^uLbJf 
jjaJfj 4f 55 ja ^ 54iLJI 52UJI 


jbpi^^MUfiuUaJf 


























^UjJI 44 aaSUIf &UJI 

(Wind Power) 


JjjJi iillfl jJ—ot 
^kSLJi L ..^.Ji AiUaJi Ja 1 Y ^ija- Ol fL-JjJ! 

■ J(jkjlJl 


jJaJl ^ ^jlill JjLJi f-i_^fJl *£j>- {jP ^iji\ aS j?~j 
fljgJi (^jl-Ull J>*J >w3 

, ^juJaiJl el^[ t£-Uij <-ki»xdl iiLiSOl ^y^LJl 

Oljj^ 4^* 61 jji XS'^s- O^i HJi AiUj 

I o *«- > > fj^LH (J 4pLJf wJjLftP aL^M ^L^JI 

, ^JLulII SjS3l <- o .. / Li apLJI t_<* jLap al^-j jjJj 

Sjlj>- a>*jj ^ ^ ^jljj ^-LjJi *->y~ O^* 

ut LiT . olk^Ifj jUJl j? 4iP ^jkjVi k««< <_jji flj-^Ji 

• <jj> jVl ^xk** c3 L^Xp olk>*ilj jUJl (jji ibjj ^LjJI 4pj^*» 

- nr- 





(Wind Direction) >\J-\ ju LJjiill 

^iU •jjjJs'j — . ^ijjJi sjijj-j ^j^Ht 

C—* Ll Lij*i ^LujJi oL^I jL-oJ 1 g *fl L_«_gJ ^jj! 4gjL| 

vlwj>> (Wind Speed) ^LjJ! l& jr_->j - 6 jJtdl <#>- 
SjIp ^tjJI <p j~i iLjjj . — ,K ^ 1 p-^L Lg-^LjjJ 

. J^-V jlSv* (jy£ L.ii'jixJ i*£ . ^j^jl/1 £tJa^ jp ^LtJjVlj 

d)f ^ljjJI *Lj~J <dJLJl 4*^Jb^f1 La jSJL jl .xJIi 

. L^lPj*_u v_-*^Lu £-LjJ 1 j- 4 <^LJf 43LlaJl 

jLajJI ^y* ^r-LjjJi ‘CulSvJl AillaJS jL^ 1 )/! i—5jP wtiJ 
j-^-^Jj LJl^-Jl (jo-ljJaJL-j (JjLjtJl s Lp-i>ti_^l vIa^p- 

oJ j_j |>tj jj^jtyl y-A fiLLi iupij—iil i_^Sljil 

• ^j^l 

^ ^LjJl ^L> c-sO^cL ^dl I o» IxJ^a jr^j 
^jIp Sj-iSL ^jdlj (Wind Mills) fl^gJi j^-ij—L 

SJ>iil1 cLu'i/jJI o . <> , ; — i l viJJdS’j . j>wJ! Jj>“L^ 
' —^i.1 (j^ j-JL_SJi «L-oP xyfl— Ji Qjijii olj 4__JL_Jl ^ijjVi 

, fLj^SJI aJjJ ^Ljil 4iL> ‘lL>-LJ1 












^jS'L'jll aip —c «L*_A'yi — 9 liUwL^ 

Ot C L^J ^lSCi tflUl J U olj^>dl 

LfrJj^-fc jiIjrfkJw*! «Ld.i / 3 l^J vdjjosj . *LwjL»« 1^9 C yi 4p J*jt 0j^j 

- ^Ldl d!ji» 

^lp J J.ya>JJ 4_.> ^ llii jil y '— ‘ .Jp <UJl n\ {jAj 

JjiaLo ! L^la jSLU J 4-~jL| LJJlL ^_9 ^LjD SjLfll^Jl 4 jLLJ| 

ia—.*»jJ.1 ^Jlo^I y *—Jl ^jLp ^j-Lil ^yJL-iil J_=-LJi 
LL»jI j f-Ljw» JL-ij ^Jl^- 4— a\a\A j j^.^'S/l j__>«Ji 

f.\jp ^—vaJL OjJ_Ll ji I i_J jP l-JjL->x j oLj-aJI 3 j*» i U_ialii 

. LijJJl 

C LjJl {_ 5 —* ‘Lal^Jl 49 LL—ll ot La jSLi) 6t — li j—*j 

Jjs^a^Ll 01 L — < . L 5 ^ ^ jJj (_$i 1 —gj —p c >_ ij V «*—a» .L> 43LL 

L^alJPfcwii jLLJI jXLl ^j—4J IbJLj . i_/i_L£j jjjP L^Lp 

«L« 4U-J -bj«Jlj ijj-j^-oJI ^jplOI jJlJI ^ j^_iS3l ^5 
j^j'SII o-JL ^ c lj> « — 1 ^ Jj ^Ljj^—^il j_Jj_jj j>«_^Jl 

OjaJI J^L>- tiUij 4-p|j^J| ^-^>1 j\fl (j—* Ojjli (_$jJ L^IJpOw*^/ 

■ Jir^b ^LLl 



. uQjbJf OU 44 feiLJI MOai! 

(Sea and Ocean Energy) 

oNL> c>j 4$lS^ AiQaJl qA ijL-—Jaijlil iJ jU I Jb .aJ 

oijjt>i 43 U 2 —ll jA SJjJ^- jiLmiW j& 4 SLi-i 

AJjl P*fc<> —J 4^1 —g“ . JUJ.1 |j—& ^ <JV_1>-1—Ji 

jUUJ AiiljJI A^pJa-Jl oLll ojl y>- U-j3 (ju JjJJl Ja s^^l 

£-L_Jl 03jUl 4 _JjL~— ll l_gJS>L —a ojl J&- (ju j ol Uj>JslJ 

. <ULj$£Jl <jLUJI 

^ij^l 4S*j_>- jy* aj IU— 1| ^lx>J ^JJ Ojj—^>■! ♦''IaJU US^ 

43 IUJI ^—L^ (Jj* ^^ -l L/Uj . 1 g..i -g 1—Lg-p-U>jl JjLj>- jPx-Ji 
(Tides) jjU-lj *a1I SjaUp ^IjUxlU jU-T j-V-^n ja 

. v\*£!l iSlkJi £_Ul 

: bjlja, Ajfj jUJ! 6L4 6j! «uUfljf J>a&/f 

Uj cUl—ipxj olUpxllj jl—>U| oU> Sjl j>- ol Ujj-Ul 
olia^>iJ.lj jUr«1 -I Lspx-L...,JI oLili . ^UaUl jA 1_aJju jT IgjjjaJ 

jlfUl Jl> L&Jj^ LULJl L—oJiJl 4iLkJ| ja aJjU.cjUS* OjU«J 

l « g^ l UJlS' Sjlj^-l 4>*j3 jJ 4 j UiwJ . L^JL-iliS T 

. oUi AiliS” aLajI ^ JU^I 



^jJu *UjjJaJI o.if> <iUaJl ^j-JLp J j- ZvU J AJ! f'LLUl Jc>-j Jij 


oLJ.!j Jl U *JI oU» U SjljJ-l (3jull ^J—aj Nl 

ULj^SUl 4iliaJl £-LNj . 4jjta °T * — ^ 6 ^jp o3jUl UjLUI 
. i_^iUald! .AjIp ob OjSo (1)1 ^jJb J^l °U-gJ 


: (Tidal Energy) 41 3S>^ \$4 SiUaJI ^JLfir 

(Tides) jji-lj Ul 5 jaU> oi U Up *UjjU.I 
&a*+o • j^-aJ'j ,j~uUI J5j (jU'jVl j<j c_UL>Ul ^jil 

j^iJl jf 4>-ljll _J>U! ^eJslvj ^UjjJ U»Xp jJ.1 

Jjo jj Li-L_>o IoJ-j . jjifi-jll oijb ^ 4j*iljJl * L ^s>\ J .*.J| aUl 
SJjIp oUl i__^>tv^Jjj j>Ul £c-L>* LoJLJLp j-°jil 5jX3 

• i£>-t Sy 1 J1 

OjAlL ^3 jPtJl cU ^jv O..V.II LjJ>' 0j3 1 LU>1 ‘UjjU>l (j»J 

p-PjL lUJij aUl oilfl joiil L_J j>- 0 j3 ^jP jjii-lj Ul 

j— fljj . jjiU! 4—ii^J iijliiU I jj£ j-vUtil 4 —IiSj jU 

cj* Uj5 jj»Ul U vj (j^j^l (jp Ij-iS vL*-j ^jwoJUI jjU LiJS 

SsLfcj jl *Lji] buj J>U| oLU joUl i_JvL>- aj3 j . (jA/SJI 

• jl-U Lflj>* jj-L 4j| d 


O* 



2.5—jjiaj ^ JLJ jJsL-Ij Jii Sj—feUij 

i jS'L«l ^ ti-UJS" cSjJ^- Jij . 4ijj*__*j iolj olijl (j*J ^*■lo^--a 
^iai lj iXfcj . oL j— ■S' olijl ®jr^° ^jiaj js"-T 

^lj^^I ^Ldjjlj 4S"j>*j —3fc>lj... t J| Lfc fci Jy j j>Jl 4 jl j*l>- ^jJlP 

^Lfljjl jl«J-4_■« ^j5 jj-^Jl I 5 Ji.yaJ' iJ_& t-~*l JjlS* jSJJ j 

. j^-^ jlSCa jll ol >-jfi 

oL^ aS"j>- ^9 4jjX>%llj aIjL^JI Ailiail fiJlA fLH-wJl JJCLjiI Jl®j 

Lliij fLj—gSJl jlJj_j ^ji jj^lj -lil 5j-*LJi ^yA S^Ulj jL>cJ| 

. A^&\jL\ ob-jjjJl ^yaAJ j*I-L>ll>»Lj 

ji.1 ojJhLJi ^IjL>OjiIj AiLJa.ll ^-IxU jl g^ljil jj—<kJ Ij~*“^j 

^jJlP viJiij A-sliail aLSn-JI_ * ^J>- 5j-L>^« jJJL p. . aL-j jjUlj 

. ^jlUl ^jiJll 



(Geothermal Energy) 


_P AsllaJ — 1 ^-~Jj_Jl j.L ^ ll (_yA ^j.*—‘—Sjj*__li 

. jlfr'— H <Jljl* \jp*h** SjlJ—>■ 0“J^ ^uSjjJ Jj^? j Vi ^rlg.* 

^LijL L>ojJJ ^-cj jj ^j^jV I Sjlj—ot **ijAi 

j* oJ —ju JiP ej__£-jal_li jj> e^ 2 —ll -1 >-jj (j^»—>J( 

C*jj£j iji (j^J^I (jhL-jj ^ 3Jj>-ljdl Sjij>«JJ 4>«.. ,. T jj . Lf>Ja. » i 


jjl$3i ^ I gfc-(j* L ULp (jXtlj SjL_sL| ^jLUI 

eJi^J 4 jjIj^-I AiUaJlj , ja^L* f-La jl jUo 4~jfc ^jLp L^* 

. <uix>cll ^jrfiljp^f 0 jJiLo l^|jj>xX-U j^C ®jU“I £^LUi 

Jjij£_) oliojjJi SjLV i g *.* jUhJI “I. j—ilc Ui* 


• ^j^l 


<sdUl ejlji‘1 (^j— 4 oLlI^Vl j£i| 4 j^ 3 (j——114iU?l 

, SJllsJI (jUj^Vl (jl’L ^ Ulp^LJi SJJUaJI jj>t^A Jl (j-« 

j-*J (jfiji I ji 9 ^ L5-H Si> jW' °W*I £- 



CjQa^Jl —*->Lj ^{£>jp~\ B j^bCwU 

* <LoLa Jj^5U| 

:6jUf ^Wf^^UJfiiUall 

l^J^r JUaf £.*£>- SjU-l ^jjLjJl <jLvJ^l/l ^bip-eUw*»l _ aJ| JlJa 

ojjfc C^—aJJeXfa-l <-iLJj5~ . <S_9JjJlj Olr^ 16 —“*^l <1)! A j^! 

lJj*> b —°jj ^ij ‘Jfjd ^ ^ I ^ ^-jL-JI 

dJljLa iojjj *!)/1 'Uj-^UJI Oj U .. ^ a_. l l 

. |»Uj>6i^Vlj g-\}L*Ji <jJs\ j&'J &LJ-I o-Lfc |» J>tLwvj 

43 Ua—li ^I.Aitlv-L-1 *L^$5LJl jjjJ 4_Ja>xj> Jj! C~»—Jl Jij 

Uiijil jiLjij^ <uiala ^ \ ^ • i #»Lp SjU-I A-jUJl ^ 4lal5L!l 

_ _ ■ --_-}_„•._... 'J' " "• 

. C>ljLv-» i * * j>C CJjJl ^3 IfljjJi i5--v>- UlLl iJU-i 

CjL'b/j-Jl ^ ^jUl IJ>—fc <ia>T_« Jjl cJJ j£ Jij 

viJJS ^3 o4JUa—) jjiil |Qa iOLIJj ^—S 4-5u_^Wi oJ__>dl 

oUa>eii 6 JLa 3jJi o Ls<aj LJL-j . LJjjiJi 5 <LNj o$jjl 

(oYl JJttJ) r ♦ * • I A JLla:.II ^ ^ 

Lr° ^ ® O^ 1 —'yt L* jp—£- SjLLl *LJ,I oJaj . c->ljL>«_a 

. ijSiJLii ^%H\ 




oLLl e-La j—* j~£il ^TJi -i-L*—Jl lL& ^SUjj 

IjlJuwIj Ol>L_Jlj LL~5ilj 1-uLjjO i^—^ ^JJ Jja oAa 

* 

Jj^li £jU! ■ olk>JS fJ—A ^j* ^IjjI J^>-jjj 

cjLvjjjJI J--LU (Dry-Steam) uiU-1 jLLI t.,^ 

. LiUajJ. Jto-i ixiijJl jUbj^jV Ji* A-j j4^l AiUaJl 

A3L?^/L A-j^jjo^fl SiA>»Jkl C-»LjVjJIj LjjiJLS' AjVj J> LliIj 

(jliaj jjiLJl £jJlj . lLL-wSCIL l^jjJl^ ^^-Jii (Ji 

ij* (Wet-Steam) L^jLl fcJLLl jL^^~JxjLT^Lj 
^Jliil (j 3 "! - ***i i ►iil Lj . f-Lj^—SUl -LjU oLjjjxJI 
. oLLl aJl^ La_jlj ijp I^p’i/ ^ . oLk—^Ll eJj& 

jJ-LLl (jyL -.-“-) l jp IjP^f j>-LJl 3-Ul ^L-c>- £jiJlj 

^j^o J5 ^j-k j>-jil oLk>tii jLa lIJJSj LiJiJl 
• ^c^ij' 9 ^! ®**t>J.i oLVjiij IxLjjJj oLLJlj loiLttj L^jjj 

L^aI , ®jLl ^jjLJl eL o jaL jjWtJ o jJS oLjli) ULj 

j 'jZ jl\j (Robeit Bunsen)i5^”c7Jjjj ^ITSII ^-JLJI bj^ 
HJSj j^fl ^t_JL ^jp *JI o^Ljj p-Lll oLLp L>jO oL^ 

L®jUl oLil Ljjbo *lil (_^Lp ^ljil -L<..<a.iI o^Lj ■.,....> 

- \rr —. 



bj\y>- Jj y>j^\ JU^f y e.ij->-jii 0>-LJ! jj>t^aJ| 

£-51jJl Ja—x-yaJl ñ^Lj jJJij o U -U Jji J&j *UJ,1 6jjt 

iL_>-UJI oQl o*U* i JA~*P X^fiJ . y >jVl cjU-pf y lg_..lp 
jLsaSJ « w 4-LUj jj^U* jUj <_J1 1$jU y>jy I 

. L^jip ^JijJl ■ fflj’.yta.l I 

oiUa—5U j|0j CjLia_>d.l o»U jf LlA j$Ui jl 0—U,1 j^aj 

lilsj jif Sj^Ltfixs'yi <4><jJi osjU-i ^>uji y a/ui 

iJ$J_j| £\jj] y 4_siLlJi i_5UaJlj jiO-J O^UiaaJ.1 OlUj y* 
^pytj '4jf' Jj ^l j ^_>oJl Ji* AjjulU!l VI 

sjU-l ^jUJI jU*j j-* i4Lii U-Jjj 

Jf* i*lifl_J1 Jj^a—i-i y 2Jajj__iaj! ^JUa ^l.,!■>«_"..^1 jf ^l 

Aji jJj>^ —_j 4llij JjjJl p*Xfi AiolitU 

» -£^.Uii (^gji—J.1 ajU-i ^jLjJI a»U ^Op* 




: 4UUJI Jafit j4 aaSUJI aiUaJf 

J 5-Ua^J (jbpt U~~*j L—oJlP <-_Sjj* Ll ^y» 

a jkllfiJl cAa pL_«Jl«J| ^JJuU klSj . 4^>-\ — kM SjJlv^ jj>e_v£ ^j^SjVl 

<-iU3j jj>*__yaJl J *C__alj^J| 4 il—laJi 6 Uj) i i.fvM 

jLj £J-U ^LiJl jU jjkviJi a-Lfc ^J (Jjv?jJJ 'U«_<Ul jbVl j £>%j 

5 _r° l5*U'j *LLl Js j^-v«Jf ejiJ^“ £-»■ l$J[ M {jA 

j_jJJ «jjL>^ jA j jj_L ^jVl ^-U. ^j^l 

^ jLL ^J[ Jj^ j^jVI jUL <y 0^-LJi *lil IJjfcj . JjVl 

SjiiJ. ^ |>d>iUUj . Jai-s^Ji ijLy 2 .fl.l L_ 

. *l> j#53\ _lJjJ luL-jjjJ| 

J L^-Ui jj_>wail jL UL-UL j-juli-ij 

£$-b of^I a U*l .l-jjCj v j Li—lJj_ j-L^fj Uj ^! Lekdi 

V JDLj ^jVI ^ <y>LA\ oUkii Jj^ Jl jJl J\ 

4>jJu ^jJ) p-I—L lj ai>-IU! jjpx^ygJI 6 _La l5j^j—U i ckUl 

• Wi 

<2jjJaJLj 4i>-LJI j*Sfl j j_j>w? 4jUoJI Jj-^Lij 

4jj-b ^jS ‘LU^jja^l SJbdi oL-j'iljJl |^3 Jj^L-Ji 



^jUII cJij? Jij . OjJI jy» oLl*.—J l 

. OIjLJI .j UHtj IjJ^Ij Lj' j3 Jta ^j^-Vl oIjJlJI ^y» jJiJl 

^jL^pf ^ I c* j>-jjj <o--l ■..ll j j>t,..^ 2ll aj-A «— LpI ot j 

f\ —JoJl d — g J | JiJjJ ja j^l ^» J a...>» j — * oj**S # 

^ jjs J _y ^*jii AA^o j Jl jL'yi jA3— oL J<i *J 4jJil.v ^3 > bfI 4 aLnJ1 

. jj>wail 

^ 4i>-LJI jj>va--J l ^Ul ojl_jJ-l ^JJcX^j SiLp'j 

ioLJl jS \—*Vl jl JjLil ^ A <iiJ__JI JL-pI ^ -^l 

J^LJl Sj£>-I 1P ..l<d*J *U^L>- 4-oJajl ^lj>c—X-> jI Ja-^ljj tjiljjj 

ixLJl jjiLVlj JjLi.l *LL$Jl cj* cSjLt^ 

0-Lft .aIJ^OL-^I pLi j *J . f>LdJLJl J^ai 4 v?L_>-j ^J>-Vl 
U*Jjij iJi^j SJ>dil oL'bf jil J5* <UajVl 

. Jjj— Jlj lj£ulj 

jjs^a jA 4iUaJl P JjvaJ-l 61 jiLL Ol L—* jUil yfij 

jA 4—fiiSL-J ^Jit AjJil—I 4^>-j_J| -U —J 4J>-I Jl 

p_>»jiJl ^£>0 4ijjUl (^-j>*Vl 4 _»wL—LaJI v olvai! jj«a Lfcj p- J 
Uilp-j 4 —Jj.L- j L^J pjL V <^—y- ^^A-JaJl jU — llj JjjUlj 



oL-Up ot *\ jf L$J-UJ i)| 

- J5t <y tgrUjixzU 


^ isikji ^jA I-U j—p ju'Vi Jiij o! ^_ijdi j 

5>jMjX*j 1™J Ua~>-j 5il_L L$JI L^U-j (_$jU-I ojaII 

jJl ^LLj iilL L^iU LajIj . ^JbJl Sj*£5' ^jS’Lt ^ 
Jt*—S^t ^Ij Al UJ l 1>J—L ^t ^jJ?- L^|j>^J^>| ^ 

ojill jl—«*jl J O^Ln < U—Jai l^Ji P JiLiL| 

• JhLrUJlj ^aU-l 




gUI yU! 

J^u4lulx(Jd ja) 

















J£4I uliUa^l 

(Hydrogen) 

:%4U4 

tpU-l jjiJl oUJi <>-i^lj iii 

JjjJL-^ A^.JlJlS^ _)\ AillaJl j^i ■,<?* oj —j JLo>-t ^j—jjJLiJij 

^lliJ ^^L-Ji OjJJl iiCiwa dUj ^l iiUSi . a .n J?l ,Uil jUjlj 
J»LLiJJ i-JjMi S^SLJI jJa^ JL-JI JS' ^-JL^i 
sU»- oL (^JJi j*S\ oLi-1 oN [>%A iilS' J jLJ^AJ Jbijdi 
^jJi f-LJjJI 4^^ dJJJJ . oLij oij^-j ljL-JI olijl>J,l <iLS" 
J>UL| Cflitj «^jiL 4-iUflJl jiL^U ^^>-t y\ 

. OjLJi <j* LJl ^ 

lLm>- , 4_jUaJl ftjjb j^La ii* Jb>-1 jA —Ji jU oLSj 

L—li* oijL—ii iji j_jT 4^fo>oL_*v! ^J| »L»J— « Jt Oj>o c^l 

. »>-LMa-4il oLS^0>wJ 

- \f\ - 



J >■ JJ“L^Ji *U*—ii t^-»J>«u lT -$—£\ -iij 

*Lj^^Jl ^L j^f <-^ 1 ^- 4_jjUaj ul-l>*)U»i| jA Jj jfi . 

L/^T JJ-^—ii ^ !-l>wU»»f jA ^yUI * SjL-Jl ^lll 

. ojL- J J j 4—-4 j 

* jwi c^SJ^IS i^l d^SJi-A/l 


. ‘U~-_JaJl J 2ji5o jiljp> ijy>-jj-L_ : .gJI jl «-ijj*il 

jl ^-- ll (jjU—Jl p-lil Lj_^* -j——S*Vi C x . > vwo 

JJujsUL L—4j '{jy^jj'X ^ jll clj—ui=l-l (j^Sj * ^U LU .1j 

<y J\ pU.1 JUij (Electrolysis) pUU <yySCJ| 

• u^jU'Vfj <y^jjJ^I 

j^>-jjJLj| ^IJ^U d)I ^Lva_Jl (Jla jSjL OT J--iIl y*j 

J[ jl 4 j jl*-ll <U**.—LJI Ul>- J Aj^ oij L_U Jj3 JS 

4ilL>- ^j —>43 . JiS'Lill jA j—J^I ^Jjju J_jjUlj iaJwa—IL 
<ul tjj Li 4j_a Ujjl—ll oLULif j>&j aJL_SCjlc A^>-ljj ^—jjLiJi 

. SoL/a.tsl LajIj 

J Jl^xl SjJU JSLU ^ljj Lj|i LiJLJI iJU-l J Ut 
JjA li.n.^9 (J& (Jji,g>UJ UjjUl 4ilkJf jA IjU* Ij^XS ^l-ASw^l 

- irr --- 



j]l r jL jUJl au Oji LULr . JSU J! jUJl Jj^pcJ 

dJUj . ( pVoY - ) Jl Jvaj Lliil A, 5jlJ>- 

iiLy^! . olji- -JJ ijijS" Jjl—Ui jUJi pf.Apw.oi yjj_yiaJi 

f-^i olj>- Op UJi JJ 

jIJLLI l~* 1 - (Jj—olj p>*-_Ll j_ S* JL A—oL—j^o 
'jJLl JaJLyaJ! Ja^ £-LaU_j ^jL. p- LDJj OjjJl J^flj ^^-JULjj 

, JLJ.I 

g (Metal Hydrides) iiUaJJ FjimM ul jXUf ul^M jjuA 

J JAJ ^j-Jlj obj*— yaJi tjAAJ i3L_A <jt DjS’i ot. ^ L5 
jl AjjUJl AzILp*- f, ij -jJ AiUaJJ Ij ' L .^a < >S ' (jv>*jj.J—-j^Jl plJj*«JL*rfl 
cLft ^jIp t w .. La" __lJ J^LI y> j-iSJl f-LLJl Jjl-, iLUJJ . aIjLJI 
oiJjjwU^ plJ? o u.*. o l t_^Ji tjL^Ji ^y&y L*—->- . cjL jA^dJl 

. jj-l^JJ lj Oj jJuJi 

y> jjSLj LL_~4>-S" cj[Sy uitljUl cjIJjjOjvAj 
J aw .,<all y* 4-^L>- SjJb <jw>-jjj.^—ll jL Cj|jl - < ? Jl 

Jj-^p*JJ 4=^eJL>wJ.I uL>ljliJl oiOjj-U—^J pj-Lj • 5ji1 4 >-j-}j 
i-fU_a 4-ypULl 4-_5LLGi ^s*l jU-I jjLaj <jy>jj L ^. J l 


■ \rr 



tl rM Jp- ^J[ 5jj^ j~#>c}\ J j£~* 

j»j^u-ll jJUJl Oj& jf *iUi 5iLfl[ » jUl dr° 

tj^-j UaJj o jr ^—! *^r*~ tlr 4 U*-U» Uu-U ■■4 ^ <_** 

. c » j 

^ oL-pjj j <jl iX-a—!l l-U ^ _j5j_J C)t JULl! jj-^j 

(_UU*i j^^-Jij (jy>-j j J-^Ji ^_j1p <L J> 0. « -.1 | oUjjJ-^JI 

i^ ^J->w~j JjVl £^J1 ■ Ukj^i tjiUJi AjjU^- 53! ^ysljiUl U_Lp 

JjjJL—to LgJLJ jj —*J . jy>-Jj J -^Jl £_* Lj!jLaJl Jj>-I Lfcj -j sA rf l 

cLi5U_*Jl tjA** ^JjLI*mI 3 ^UI £jdl Ul . ^j-llvII 

JL-jjil J_jjwL_A Lg-.JLU-t.aI jj *J . ei j i_dl kJj|jJ_Lfl_Jl VJ—J 

. ^|£LJlj ^j-jLij jLll UuUr* Uajl j . ^ j-JlljJij 

oLj'yj_JI l/JIj OlJ-LJi j>* 3» > ►U_JjJI <t_£i Jij 
oljLiJi olJUjJL* f |jL^L-.l J1 L-JUlj LjSL^Vl s-u_dl 
IJ J.yQ^.S* 4w»ij>«l**lj V$££aJ J* ^jLJl JjJL^Jl p J j*a>*lJ 

j,h n ! Sjbl Lutj . olj L ^ J i ol — ^jr**-* Sjbi j- J iillfl — U 

. *L ^^S3l jJ jd ^jJl twijlU>«-4 
jA-*J JL->-jj 4j^ 3 oUflJl j J ., n s jO-l j. L , <fl * (^I l)LwS"j 



ijlla_il JaJ-l <^-3 olJjjJ-^Jl ei—* ^l JjLoI o 

OlJ>j J <.^ 3 l o*1a jyjx£- 4^J.- * ,.,.. ^ ,., l l xSL-w J l (J jj jl l(fr * «.« ^jXJlj 
IjsIj li_jp Jlc U l,. r .,..,J j--5^ ^jJbwjJlj JbJj-l 
^lJioL aJL eJA ^jSU J—Jj . 5jLJI 

Jj J gL| <Js I.«,* jA t)L»Jfc|jb4 . L* olJjjJ.^. l l ^jA JaP -JJ 

JjjJ-_fc ja <ij£* (^j-j^VI j 4 JU of-U—5' oli ^jJb-ollj 
jLp- Ot* UJi Ji UUJJ . Oj^Jl oli pj. wwJJ Lll 

. JlicJVl oIJjjJU^I e-L ^ja gSLJl u^-jj J.^1 1 

JjLJ U^-yi^ ^ L4J>0 -Jl( oljJLJI JLLJj5j 

. <!»jl^>- JJp 4-jsLj 

0jJJl oLlJj ^ L’Lj ^_.4 U -,4 ^ l>1j 

j^ L all J>-I olj-Ul O'lJjjJj-A 0 ot ^j— j j (_^^LU| 
V Ov*>- LJJ <J jLa _x*J ULai <iU? ^JlP J j^a>JJ UjJaxJI 
. Aj^L} ojiil j«p f-U.1 jLj <jj L^aIj>Oj»I ^jp 




(Fuel Cells) 

oljliJl jk *j (J-pLij L^_L*jJ 'Jb Lj^>U“| oJla wlOy 
L^lli L^UM aj-gj k ...*■ ; JLLSj . CDrrj ^^Ij L£Sj-jjX^Jt (_$jlp 
U—* I 0 <—.IkJS l^OA-J jP L$J s^3J ol 0j£Lj 

££j-**ll j^^L-Jl J.« I<a‘. . JU <kpJ«_Llj (j^Jj^Jl J ^3 -^P j —1.,t3,.a 

(_£jJL^ uJllL-i ij. —fl ( ^Lj . « j jJl 6 j>cjL|j . iApL— 0 0 U l *S LfUS^ 

^jLJ J_jU_- 4Jj_£« (Electrolyte) jjxSJl s^L* ^ 

jlp j-4 jL_J ^jJjj , ^jjw^ljj-—II J——5 ’jjO-JS. SiLi Ji—« i—akLa 
j >-1 jLJ (A_ >Jv kiv . <U— jLL| olj>U-l (_^a>-| jj 4 ui-- = rJj JL ^l 
L~>- cSj^l ^L^-I ^j^l Lr-^ d«v~^i if 
ULwil Oj^jSCJl i—jQail L^rTj—U^rjU-L^I <Jjlp cr 

Ij^jUwO IjLJ ^Ojj oLjjS^JVi SjL jULij 
p.1p ^ ^ ^ L— 41 ilr^J * u?*-^ C /L J ^S' 

i Jj*> ^|j>Owut 4_*kaJ Lj J LftOJu P v_aXl>cJ SU-^pI i j 5 jjl L^L>- 

. JIp L5 sljjfS' a$>- Jjyi>JJ liLlij Lt>U-l 

f-Lj^SJl - X—Jjj L^Ij>Oo»I Lip jj—sjll Ij^U ^ j 

^LpNIj . Ur^jj-L^JL ^XP jLp J\ iji^Jl JdJ^J Oi*- 4 j^ 




l l jL-*^ Jij 1 ^ j—>-T jLf>- 

a5 v- ^.JLJI jLj c-—jLJ jia jL_o ^Jl L^x* ^jlSLJIj 

Jjj^ 1 ^ ^>«-.a1| jA L^L (J^jSo Jj ^Jj r7 — il ijijJlj . 4 jjIaJ! 

• L r'=J a ^ o* J" 

jli C' ^ji>jJI L tA>- (jtj j S-U ol J-u fl i. 1 

(j? Oji <-jL> jsS aSLL ^Ji o Jj>t— o <LjL*-jS 3I 4jUaj| Ji 
LOLM o-L* j|_3 <uUS J\ a*L^ . ajjI^>- aJI—L> ^jl Jj>eij 

A^jj Oj^il ^lil Oji ajuL.4 jA Sjlj>- ol>-ji jip lf.Ui^.1 jlip 
^jJlp Jjya'i-1 aa>s5o sX*j o^Lc p’U jl>o (jp^i JpLcil 

OjjJl eLL IjfcLsA^.S' A<»|-l>»lwi| ^jSiT f’-LdlJl ^jA LJLff' A>-ji ^Lp *L» 

. itLvidJl Ji* f-UJl {jA A>-jOJ| oi^ i>_ J JalI 

aaJs > aSLI? ^AiL ij ^j5jJl L^L>- ot j £JL i jU Ij>-!j 

(Oy»-jjj_^—Jl ^jLp ^jL 01 i L; > - cSjjLjJI ^j—4 a^_JL>- 

t£J^\ oLjSU <-I>-l j^j \a~.& a f-lll jUtj jA 

l»JLc L^JuaOLj Jcp j < <^"7 LoLi-l cJ la 0^3 Lyoulj . jij^/L Ja->tii 

oUa>*^ Uliji ^SLc ^LoJLj J?y& &jT ^jl s!u>jJ>- 

(jiaLil J *j 0*U>l J—>-b *5j»jil LxUo Ju^JU ^jlJl fLj—giUl -UjJ 
, L^j aIx^J. 1 Ai-JJ jjv 5 0j^ oLSUJL aUVI 




j^U! l^U! 

^UaJI 


p 


















v ui 


SilWI 

(Nuclear Energy) 

^JL L_$pIjJ? 43 150 5_JlkJl 

,L vUl51l iilJi »wJJa. r> Uj J.UJ1 j— : >Jil 

jjlaT..I|j ^jJj^OJlj ^4-UJl ^JJLjJl . AjLJaJl j^Lfl^ 

o*j *:1 (5-^1 j 4 *^ ^LsNl 'JjUj j^xJ.1 

^>tu)| 43^Ul oUUaJl Oj-^JJ AslkJl £•!jj^l ^j-CLaj 

C-^-l J-4S cLUJlJ 4>fcCJj . ^y g UaJl jUJlj cJjjUl Cojj j^J-1 

4jlk_)l (jj>~\ jilvfl—« jjjki_J s j^S 3 % ^—s f-L_L*—ll 

I^jIj L^jj-vxi ^Jju jLc L.»> A^ojJl sU-l c jL»_ U l ^iJb*cuw^AJ 

^*»j ^Ljll iilLj L_»JLil 43 1_LJI to*J - S^-L^i^j a_»jL 

ojJj**I_i] oUlkJl —i LajIj C~_J J ajjJLo j__J>j iiJLJ olilL 

o yj ^ij ^ijJ-ij yLUi oUJu.ii ^ ^ui ^iui ^j^Vi 



ob j <»j-l-l *_bS3b 

ol5\—LaJl oJlAj . Oji-lJl ul^ b - ; ■'■« <jA LfJ V a j_UT 

IIa ^j~>-t £-Jlj** t/ Ia jSb —- -L> 

. v b£t 

diUaJl . oUaii LLa ljw\_jSJj *-->tJt IwlA (_ 5 *J 

ijL^iJl oLkil ^ylp ij CJIp Lp* ^Jlj SjjjJt 

-UJL^Ij _m' * j^Vt w^LpL—<- 4 -J b x ll ljLp U ., ia ._ l i <*j^Ul 

VJ>ii ot.iak^'yi ^j c^J-vtj sju^vij l-jumJIj 
oU-^Dlj oLjj jkixJI ^JJL* «Lstij^£ll 3 j$>-Vl ^J-UJLJ j &*Lp^!LS' 
ciliiS^ <ujjJI iiUaJlj . Laj »_ubjitj oVLjJIj 

^ LAjIj . ajjjJI toL^ljiJlj lol^sUaJl o^LL-j jUl J.W-J 
6.S oVL«-« l—Ajjjj ^jsJlj < 11 ^jiUiuJl ^Li[ 

. <pl,... /ij |j ^pljjJlj oJaJl <JL>«> 

4i ,* jl _j <#liaJ| ^Js> (Jj<4 1-' LjjJI AiLkJl ^l..l > mXw^tj 
ubJLSi jt p-LJl*JI Ju>-j cUw—>- . <ijjit ^Lla>milj ujjjtj L f-Lsil 
ULdil oLU>mil *lj-w- ^Ly^Jl j-* UL oljjLSCJl ^Lxij 

ijijJl ^jjif 4_* ^jUtj Ljljkl oQa>«il jt LSLil ajwL-Jl 

aaLSj (j jAj ^yW wJa li jtAil jt tJjjXJl jl ^->uiJl 5 j-LL5xJ1 

- ut - 



AjL-^I . 4jj^J| <k_>«ll {j* ^»L)I a__pL- tlj|jjL$LJl ^L| 
Lgil j^y *\ j^JI jJj ^ja LjjIjLI tijUapLI O^i LlIS 

Ju——sl ^JDj iJj\ cjIjU 1 (J—* • j z—^ 'J-’L-L >Ua—ilj $ji j_JU 

j\jJ>y\ ,jA j-i5Ul c,^lJLjJ C-J^5 sJ| X-~Sl ^'Uj 0 _£jSJ| 

. Lgi* LjiJl (jkLJJ LlJI 

olk>*ll Oi—j?jLll j-iSJI i!L$_J tiiii ^ jJL 

jjjJI j/VI L^jljsfi jJ-*j <y L- Ji?i-LL>- liiiij LjjJl 
{jA <*ijUl jjSLSM J OjJaiLl AjjjJI olpLut^l e-Jj—J 4lP 
j+Z—i JjJx Jl SJbJui 4-i_*> ijjljS* LUi Lj oLL>mil oJjh 

tij^lji-l ^jjuw tiUS (ji |» g JlJjj . Jljk oljl—- OwUJ Uj_Jt 
Aj^jI jJ-jL ^_v-L t_ijjAil ci»^U-l L$__U jSjjj » 4__»jyill 
LjULoj LMj ^ Ajit)L_4 ij-jl-« ^yi tJ»vU- ^jJl 

4lc- i/bJl jIjS/I OilS" L—v > - 4_^j^Vl aJL>dl oLN jJL 
Liu! jS"j—»j , 01 j*J*Jl ,jP o_Lji —> Uku J 4jJj__l L**i 
Lj—Jl) Lilllj LJLiv-jj <jjUl o^ULLll JU-V ^Sj ^jJI 
jkLo oL?LtJ» v yi t _>jJl ^yll^ iS^j ^ ^Lp (LiL- 

^Mj ^J-JI ja_J k 31 tlJiLi-l f^dj • fctoL^I OlSd* jjP' oJ L ju 

<_r* (iLL) ^j- JwJ j-JI jI^NL J--j jjjj~** lS jjr^\ J—^LLiJ 



jUJl oLU (^jJ|j \ ^lp (Ji_^l 

J^J tt*jll ^J. O^T J J* J* ®J2-^ iJ^U J~U £-U' 

. jLJjj oioL_> jjji objl^ÑJi ^ilSC iAjOU 

4jjj_JI o'L-k>JI 4—«UJ. ot_> p-$Jj-i jLS dUi Jl LiLii 

jj-fU u)l <i A >-d Uj— o~* jr-^' ur-* ^jU-^tj 

*'>* O^ ^Lr" iilS’ jUJl jJkJl oli Sjkl-i J^LUl 

* *ujU' cjLLoJIj i—3j*--> L L»j^j ^UpI jj ^jtj cLaj 

oLLiJi a-L^i . Lia jJ!*—Ji ^jC' c^TJl 

jLl..>oJ oj^yj ^j-U' jj?" <7'j»*—U *-^ p Ul £~* “jU^J' 

OjtU-l—iJl ^j-J dlJ Lf. -—li ^jfjJ' j — 45 jt lSjj^' ^j-sjJ' 

jUj_xJ L»jLo__U ^jjj^I oLk»dl ^y* g~i 'f v^ »'j . 5-jjjill 
<LUI 4jj joJI oLLoJl 1 >-tj . L5‘L»_ / f$Li.i ^LUJI 

. 4jj^jlJij AjjJJl 

olla>*ll 4- :: ...7 Oj—Ul jJ* j—>■ I Ljj jSU ot ^j—» lj~Uj 
(jjl^=L| ttjjidL Oj*J U jAj o j-.k> - jUI 4 j0j>»j Uj 4jjjlii 
jl j>*j ®il—P |>U jjJlj oLJap%ii oJ»ft pOp-tl——J L»J>lP t.L. .Ij jfi >j 
Lfj^LpUi JbjjJ olii Sj**5" oLL" o>lj*>cJl jt jl>JI £^1*1 jU* 

- \ £ 1 - - - 


^ULj oljj>«Jl jS jL>»Jl (_y* ^—1>»LJ| aUll oJLft fUJ[ 

JL—J l pl l4' .— I lj *>!■- _ — '> - L_$Jjl^>- 4—^wi 7Jj 

j^-ajj . oLil aJ—* ^ L aJ ^Jl LsU.1 f^L— >-Vl jl j-^Vlj 

ujUII j^p-j—S^I L-J ^yk 12.> flLil 5jl j>- ^UjjI oL UJJS 
. flLl! fljjh Jt jLaj ^l <Uj>*J| oLjISJI oUL ^j^Jlj flil 

i y j^l CkJ -U-j-U o^jUll Lr 4 Jttj^' ^ f^b 
*U_jL j^5Ul ^illaJl j—Jjxl 4 jj jJl olia_>Jj ^ljj—jJ j jil 

-up SJUiJlj Lj^Ul d)LiVl J~*- j_JjXj -oT OjJi’je «-!~>- i* jUj 
J Ifulij J[ *jU[ J>L>- Lajtj olk>«il eJ-A fLtJl 

(j^^l J—w* jjij_Jo J ^i —S j[i C)lj—* aJI jjP eJ-_-Aj (jLI—1* 

5Sliaj| jJ —* s ia OL <v»lw>-j . oUa>»il oJ$, J OL'Vlj 

- llu LjS'i U^J - .y^kJI jUJlj JjjV- 11 -? ^ 

. aiJL>tO jJj U-jlj lfl*«. ; lat j^Lvre ^fl> 

s 6ji/lbdyS> 

j-« oifJ—Ij j-vsLa—H Ot Ojj—<*il ^j* 4j| iljU 

sljJ j-* Oj^^ Sji J^j • j»La . 1 1 U^Lxa (Atoms) o!jj 

jA (Protons) oL jUjj lf-U-1-u ( 5 j_^ (Nucleus) 



o. a^uJI (Neutrons) ol* jy#>j 

liiJjlSj CjI—>jj«—L>*JJ *' 4— ■fTJ^ U*x J C->1 J l\ jli| 

^y* oijUl JaL^ U-S* . j?~\ o_Xp iCjLJj J> j-_JI 
oijU-- sap ^ jjJJ 4__JUi (Electrons) oUjj^J’Vi 

. jj'jJ L2ij Lfei-lP SijJi J js>- 

.jJtP ^jU Stj_Ji 4-s>jil CjLjJjj—J l ^JtP lUp- j 

Ll_ > a _!jLc _a SjJLil SijUl Jj=*“ <L-JLUi cUj^UJ^M 

iUL oLj^^J'Vi ^J—p jl cl>L yj jJl ^Oc- UjAjj . (Neutral) 
:>UpI ^j-^" <_*-!* j—LL j LS . (Atomic Number) ^jlli 
. (Mass Number) JcSJl iJju oLjjj'jUlj o\Jj^jjJt 

Jljj! tijU ;_5— *j L5- 3 °.A^ 

d^UljjiSJVl 4 —bS” i —^l . iw*jjUL djlJjj—jjcJlj c->ijjjjjJi 
jr’U JULj LJUaJ jULc cU>* 4 _jUU S_LU 
» «n lSjLJI l)JjJI j—^cjLj j—jjJ. —!Ij oLjjj^UI ^ja 

. (Atomic Weight) 

: (Binding Energy) £}pl kitjil] (UUa 

: 1^1« jS’Ju l5j 5 j-^aUI Sljj Jj^b -U-jj 



- <ju (Repulsive Force) Sy - \ 

. oUj^j jJl <ju (Attractive Force) s y - T 

. oUjjjj^Jlj oUjjjjJI (jo oji — V 

J>-b jibiJl (ij^ c5j*t oiUwJl ^ < ^ > "J 

Juj-j AiLJaJlj . jj_oijlJi <1)L—i j.,»*>*w II oljJ 

* (_£jjJi iajjjlil 4iUaj u_3 jaj oljJl oLjj5L 

jLb Jit aJL*—aII filj-Jl A.LTfC pi LJl^c- Jb-j JLjj 
(j^aiJl lJ-a>j . oIjjj_jj-JIj oLi jjj jjl ^ eljUl CjU jSL JlS" 
(Mass Defect) bju ^Ulj UjUI sl jJI 

. ^jjJI J^ljJl tfU* Jl Jj4 0» 

^ ^UJiVl CUjIj SiLkJlj oLil oi lU-U OjLJI 
UJSj j>-^l Jl J^ JrM: cSl • ‘U-lj Ls^ 

(E) ot cL-—>- (E = m c 2 ) : Sj*fUl LUU^Jl ibLUJ iSij 
bIaj . p jUi 5-pj-x Ji£ (c) j iJbUJl Jif (ra) j olkll Jif 

(jOJLJji OjJI j—^idl p_)L*JJ OO J| Aj^k—1L 4_JiLnil 

. (Einstein's Theory of Relativity) 


uv 



jiuttf 

(Isotopes) 


Jl oj*ii —a jj-^ 1$jL <aJLL! jSllalll O j*j 

>^ m ^£&- s )l ijJ.. fej (j£jUI <J^)jJl c .c.i l. ^«, £ ] j ^j-L_]| ^kJL^cJI 

. filjjJl ^ Cjljjjj j_J| .iJ-P 


i *-... a — ^j^jj'JLfl I' j•/>‘-& jjlisL) jS'JU jjiiaJL_]i c-L a ^JjLol 

• ^UaJl jj| Aj^Aj 

• ( iH 1 ) j*jU (Protium) Jl - \ 

. ( x H 2 )yJl J yjij (Deuterium) ^jjjJjjjII ~ T 
. ( t H 3 ) <J yjjj (Tritium) ^^Jl - V 

j* ^lj—>1 4 j^Lj LjS-jI Jj —w S ^/\ iL-f' jjlla i U^jIj 

! ^J^-Sjj jjilaril 

• ( 8° 18 • 8° 1? • 8° 16 > 

A wu j^aJt Jl el jj il»L* ol ^JL^Jl Ua ^_i Ol jJ^iJ 

. SljjJl coLjjj^^JI ^-Lpj c->Ljjj j _.,!f ^jp <u**jJl 


V£A 



cjUjjJj-cJIj cjUjjjj__J l iJ .p .* JLill 

olS j*p Il_a]I 5JL- J \ —viUij . ol5 j—v^Lol <jj—j’I 6j^J 

( 6 C 12 ) byj&j ( 2 He 4 ) fjJ+ll Ji» Jjs^l AijjJI aU*Vl 

Cr' ,JUh J ’ ( 8 0 ' 6 ) C^r^J ( 10 Ne2 ° ) oA 
. (Stable Isotopes) SjSUaJl 

l)U 'XJS oU j_JjjJl oLjj jj j^i—li Cj.—*JjjI lilj 

-UJlJ-Ij (^Br 79 ) ^jjUI j-./»Lp ^jLa Lajt aijIj <jj£j j^LaJI 

• (, 2 Pb 216 )/Wb( 26 Fe S6 ) 

o'p sjiL_wi1 AjjiVl olij 4—i jv 9 LjJl 4—Il^- ^y# Lt 

Ij—r^ SljiJl J__>-b oUjjjjJI J). oUjjjjcJI 4_..._ > 

UL*j • ( 92 U 238 ) f jjJIjjJIj ( 90 Th 234 ) fjujill 

. (Radio-isotopes) Jjuiil ^UiJl ^L Ojjw jflkJl 


:&&Hf ^Ui^faiCaif uUUsu^l 

Js' jvpLhJI 0 jM.Ad.ll _> CU*%J 3jXi ll«j LJU- 

—Jl cjVU^ <_yaU^-j eL—i-i oVLfcj 4_alS* ^vJj 31_^ 


L$J—p- J j-v*>“1 


tlJJij <—C-lj J\j ip-llvaJlj l_. L1 |j ^_».L*Jl 
. s_Ljkj jLjLj s jj*^ oL^j 



: <UpLW( &&4U ^UflJf 

CU3*tJl JU-» ^ 4aJJl 1 j-jUaJJ LLgJl ol^JscJl 
jf iJL^JJl oj^-Jl f-lj^- jjVl ^lixSI oLJ^p L 3 J jJoJ 

vO»L5jil jA *j ^JLil j ; LJ l ñji J~Jl 

jl (_ 5 j-ILJI ^.... •L l ^ *lj-> 4u>-^UJf LajLI ^u^lji ji L fc jTjl 

. CuLJl j\ jlj^wi -1 

CjLp-L — ^aJl ^ L_£*l J5*tJU«| U<2jl ol— <uJsu-J| aJ l*> jAJ 

O Lp l—LyflJ 4jJ^ *>[ Ij . JW>T.t .. 1 11 ojjil iOLpUs/ 5 jj—^U_J L/>> $31 
L—c-L ./a.11 oL dla ’1\J l‘.,/a 11 J?Ua_ilj is-pb—^aJl oLJVi 

. Lio«t>Li 1 oLw_j JiUil ,j^9*!>V>vOl j 

: wiaif m^L^ 3 S t iii t f jSUau/f 

jl (j^a-U-ioJl p-Ij-* u-Jail ^j-b ‘UtjJ.j jjLkdl 

^ijj'Sfi ^ i • — oJbjSJi ij. —■.>■ . ^i>l*Ji 

c_Lt.5vll ^Jj>Omj ^jjjJIj \ 1* ^ >jJ|j . Lfcj j^v2j ( < L 1 LLp- 

i— iJL^Jl sj ^^i^Jlj Ju^ llj <JjjJI SJjJl p-bl of-Li5 (_^J^ j& 

(jJwj LJsjjJi oJJJi JsLJtJ (_y*j oJLJI oLaL-j ^^Jlp 

. U_-Jl 2—31 Js>J-Aj 4 jjJ—MflJl 4 jSjJJ 1 J-Lbs cJLtJl jA T o^L- 



SjjjJl U U-i' <J* ^ Ji dUiS' ^J>C~_-jj 

^Jijj . t$j ij^vUl ^ySUi Jj £* <L»*lxll (julj^iJl 

y>j-* Ji-* f-U' u*-*i lH ™ ~ 

ijJJj—Sj . ^J-Ji cjIjS’ oJjIjJ y> y>j L * *S j— Lll 

-UjJi J^* j*l u^i ~ 

oUlJ^tX^Ni y~Aj . <_£*-!! | >_ ^ - l A i ^xJI Jjj^li (jJ*-*—jj 
iilS’ ^JUj t^lJ>*lU ULJl oNUxil ^ <*-ill jrt bJJ i-lfll 
4-c>-ij_Jpi oLU^JI {j*j y U-i—>eiJ.I 4y JaJ i cilj^! 

, — CjJL^Sl!! y Sj^LvSlI! LaL>" UJl ^i_L>C—/L tilJij 

S feUo/l u^b* j <uuUI jlUaJI 

o^TUtufl UiJj.1 jSLJiJl oU!-Uc_^l y- 1—^JXp 

cjVUJ.! oj* j -^- g- 2ii j*-h& LjU 4jjJx>tii 4—p- Ls^J l 

^ <wJ_-iSCllj JaJ!j yL—iVl J-U* ^Li J-*—-£j 
U wivflJ! oL--^SjI ys' i_UiSJlj J—stxll j^j -»_j— s-jxJI oVf 

^LwVL ^ylJJ! jij*aZ -Ji oLUtf>j JLil S-L>j jljii <—iASUij 

^LLJjVlj Aili-^Jlj kiU -Jl J ^— . V? j «uUi i — '> «L( —aiij 

. JV\ e-Lix*! oLUj L_^w»Lilj 



5J j I CjL_>»xdl ! L^la j£jj <*3 j— J olpllyaji L>1 

UlJLJt A-j jjJI oLx^dlj tijjJlj l-JJI oIpLo>j j 

ujLJVl A-j L.^ S'jjiJl iijIpL-^JIj . jaj A-j|jjJ!j 

<Lp 1 ;,,^ll oU Ja;llj ^^p! J^aJl Js»Ua_Llj LLo-j^LJIj LpLls^JI 

^jj oljL^JI 4 jpLjo>j LJj—L l oIpL— oJl LiilS’j . I a^pj 

LUISj . LJ j}\ oIpLJI ipli—v<? ^j 4 jj jiil oLjlkJl apLs^ 
jjp c,,j3,jl _SJ|j <Jjj*Jl tj—p —l! ^*-idl j— ji lv . l j ^_i>«—, i LmI 
^IwL>OwIj ^pLuI^fl j* at3 I oLL-p |*J>ti— j 1 ^j lj . (jiLnll 

. LU- 4jL1i1 


iUlrfl pw\ 


^ \ _gj»lJl>*_JOi i*_Lil jjL.]a'.ll 4 —*l^Jl ol—«|A>C—^'V I j* 

Jl fllwJ>J 4 j j "IL j&Z. —>e-J L» P-lj .j 4 A 1 . £>cil 4p|jjj| Cj'V I ■> »■ a 
<L«jl A* J^3j_ 4-jLtf^lLj ^UII 0-L — -x'Vl ^l.Air—T.,<ilj Lj — pljUij 

iJljjj-l SjjUl L<C.j Li Lajlj CjLJL SjLall C-»Ij-LL| 
.■ ^LuiNL mjIpVI Jki>- (Jl>«-« ^ ñiJjcd,l LLlJicol |j->-lj 

(j—4i . ^J,.,.^ac,..,1l {ja jjLL* 4 —iL^Vl L—* jS-Lj 

jj^LiLl 4i jA* jA 4jw 1| jjUalj} ^|_X>Ca/j1j j5L1 a 



^SC#t ciU-Lj . aj—oJ oLU! L$^Ll> 0 « *0ljjJl 

juljJl ^I-Uo—**^/i A>»jj ^L-* j.x$j oLxiJi ^jA j~- ^ Jl jc^jr^ 

. SOwHJ 

l)L»j)J f-\j +,* SjLaJi ol jJL —i-i a*jL« _^aj j-L ijPj 

Lj. ..t.-LI oluL- ll ^l jlLo — . ali <1)LJ)/I L^jU J_43 . o L~ —U j! 

<1)1 $jap eJ jU l^UioL jUu A>-j Lo- (Insecticides) 

i..4.,J >1 . oL-Jl al-ft - tyj ap-Lx^ Owrt-s5TI J—s oJj-i-Ll ^-La 
<uJlJ| jliSl! £y L$J Cj|*L_J.I eJL& ^l-iiu—I 

-. o.LJf j Olj*sLlj 0Lj>U SjLaJlj 

oJLjSUl ^y oj^LaJl L»L <L*—*il Ova-X>Cu! -L3 La j— v*j 

^LaiJl JJi ^it ^r->- C^l j-LLJ jjSi ^A*-' ^ 1 ' - 

ajjfc ^I-UO-J Ol £w?f jj . SjLaJl olj.-t_Ll LL 5 j^S L**J 

jJjj Lajlj .. LjjLxJI y <LJ! JsLU-I <^ijj AjjjjLl! 

. olj-LLl e Jla LjLi» oLOJl ^jP jj£}\ 

y a*__jJ . I jjLL-JI LL *i/l>s__a j £Jj L^_J Ijj=-1j 

jj^3 . ^L*Ji)/Li J^v^L>»ilj 4 jJlpVI J ‘aA>- j—*j 4p|jjll oNL>^ 
iai—L JljLaj AiiloiwO lij—k f J L-H 0U>!| Ot Ojj~*li 

. t__v-L_jJ|j i_Li>«lJlj -O-o^cdlj Jb^oJj ^Jla jL — a _ J l y> JJLJl 



4jIJlP ^U-Jij/l 4ijlf ^Jl>vL_V>»1 ciUi Juoj 

L$*itt jjjJI Ol C)t -Liil /j*J ■ w-aUl^xJl aJLsj 4.p^*_JL> 
L^^^LJl L*)U- pJa^- jt J=uJL' y& 4 jJLpMI isuU- <_y ^UuiVi 
CjT Qui /Jbj . ^IJLJJ y^iil ^Vl SiJjJl LJI oLKIIj 

^UioJ ^l ^ijj ^L-lVl {ja 4_Li>Jl ^lJJ-oJ 

J^L> ^ IJ—>wJ JC c- li A^Jjliilj ol—Lvflll_oiJ1 Ji__S ijJkjos 

(OipjJj - JL_^JLixXvi L1 L«1 * ^_u_u__L*xJl jt uV... -<>.>vJl ji > fcXJl 

Ijla ^-*^L_Jj . oL -oLJ—JI JJL? ola ^L—jL^fl L__ij jA 

bJlA olj—4__iLsii. ^ji-i JjL—«LL_J| ^ ^j^ad-jJl 

.. U-Lil oJip^l J1 ol^LOll 


JjVl ^Jjiail ’ 

avsjLjII oIpJL*1 ^jl» 

ki> . p->—Lx3l jt-v'Lj 


£L*-i*^lL ii-Lil jjb 
<-!-*>■ . ^L-ij/lj 0j^-sJl |t-*^Lj o j*-*j 

ijAX—i a_JLJI <jj^L._J1 Ul . ^LjcJj j/l 

^Ajoij/l jA ZjJijjA oIp l^J J 


{ y*j , L*l_>- L_Jit jt Ll-o L-Jlt ^l-l>*_ IvxLj <U-L_pN 1 Jai^-j 

i- _v.-.uj IjL_JLjI ja U1—>- L-it ^ljiw-ol tjl jSLL_j ot -V-iil 

<pj=>- o j-± , *L>wvJ’i/l jJ>-ta LgJJ—><J J-Lo> Siljj 

. (Rad) ^I^Jl jL <__Sjaj o1-L>-jj 



kL&l 

(Natural Radioactivity) 

jLil jl» (Democritus) ^yuj-p-Vl oO tf 

. ^ !-— -Sjj 

^yUajjJl JU£}\ |JI_*Ji ^Ji jJLp £~»bdl 0jill 

4 j! ojJJl ^ <jJoj (John Dalton) 0jUb 0j>- 

L^JsSvJj Jb»“|jJ| j—yaX*Jl olji Oij j'/t** ll *j3J“ j**&\ 

• j^T c^l j*-^ cy ‘-ILl: 

^jU> ^JL*Jl l-LLS"I j-!Lp ^vLJl (jj_aj| IjL^j (_ 5 ^j 

Ifl ^jJijjJi J_ta jv*b*Jl ^jiuu <jt (Henri Becquerel) Jjj 5 Co 

tilli -b*j 4-*-_> -lij . ^pLdiVl JpUlJ! |t—j| —p ^jlist A^a\>~ 

(Pierr and Marie Curie) ^jji' (_5 jLj j^ OL-i/J! jliUJl 
—»j)j—Ji J_t« 4— w . i *_ll (_£j>*VI j—v«aU_*Jl (j/l—"J c-jl—. tt JT Ij 

. (Radium) p^ol jJIj (Polonium) 

aijd CCUj vi J> L. ,^-A-yi ^U-iVl iLSJJlIj 

4»Jj—« J-P oIpL*—4_j|jJ £-j>eJ ^Jtll j <|i-7 *. «Jl ajJ> 



3ji-l jj-a ^ . — * ^/i fL“J • 1>aJ1 jX J * Jj^fl ^J-jJl ~ ^ 

f_fr3-gJi *®lj— 1 **n —^ ‘j* 4 U-’ * (. x Uil) ^f —'LjJl 

<y Oi-^b ^Lj^jj-Jl ui-^1 (>• ^j-X- (jl (^He 4 ) 

LJ 4j^U oLy.-> ; liJt aa~M ^j^ijl-sa >-j . olSjjjjUI 
Ot .t. H 5 -^-jjj &j ajJl^JI j^ais- Sljj a!— i5 ^alSu A—Ju5" 

IjJ*^ (_j^l 1 Pj—**J - 4jJj^53lj A. w ->-lgl- ■ * .il j?Ll»j 

iiji.1 SUJl Lf-Jjjtf 0? U—S' . *j-^aJi 4Pj_~» 

U5" . ^yljpjjj-i)! jij-^31 ^ljit ^ j^t L*Jj . iL*U 
p S j-*^ ojJJ Lflj . LS l j4 .* 5 3l ^ljil (j^-i ^ya-^j 

. oljUJl ^jjlj 

j^aJP oji ol jj liil iOl—*Jl> 4 j1 jS'U Oi -Uiil 

U5" . Y ji-Uc <J (5 j*1J| ^JjSj Jj-^“ jr>~\ jva- Lc - 3 _jSLj 

jj J • ! ■• /> ^ 1 j ya- * J i J>P £ jlUlX ^3 (^jjJi 3j^-Jl 

UJl cjU~^- £~t (Uranium) ^jJIj j-JI j^p >1 j_5Ju LUi 
U5 (Thorium) ^ jijjUli jj*j j^T 0j5Uj 

I LfSl I 4 jjjJI <LhUli dAJi> 

92 U 238 -> 90 Th 234 + 2 He 4 
Uranium Thorium Alpha-particles 



o jsi-1 ^ja uiyu ‘. ^UJI I ~* t 

ijJL. <j;t oUjjL^J^/i ^y> aj j—5C« (B Lj) ^^^-JijjJl 

AjiLa CjI ‘ J—L-jJ j4-jUi>*J • Ai-_»*^iJl 

4 JI_J . UU- 4_*jJj iJt A-.W^il ^JU A 1 —A. l'l , ..wjZa 

^Ji>! L^p-^j . Ajjj^XJIj L*Jai*ll obUtlL jjLuj -c>fcJiJl 
iljil ,_^-j 3LLJI ^yU- I—^jJij . «-j—APj—>L-J j 
U£ ^lj—pjjjiil ^jjvaxJl £-jj_Jl ^jLp jjjfe L^ij v A-U—jIj 
oj Jj Ua J L^Jj . ^L^XJI ^l jll ^jL * — J (j^su—^j 

. oljliJl (jjli ^Lp 

UiuT OjSL ^L-a eji eljj j-a LUj U—*il li^Lul J^Pj 

j^a. IaJI j—P J jU2. ,C aJ <„5jjil ^J—«il Jjj~i JjJ^ - j^i j — ‘ /a lP 
. jUij ^ LjIj <1 (jjjjJl OjjJi U j - J . 

Jj^i Jj s!j_Jl (_|>-U cjUjjjja-jJI Jp-T j! ja ciiii 

oj^JVl £jj>- dJS ^jj lJU jjj^Jlj tijijji t^i 

(JLJLj SljJi J>-b JjjjjJl ^t—i L°-*^ • tijj 0 jj*p 

jiJU^ oUjjjj-JI ^Jp ^bjjj J>-lj jlJ ac oUjjjj-—Jl iJ»p (Ja> 

—J| ^bjj Uc _*j . Ljlj (J—Jaj (jjJJl OjjJi ol (_£i Uxj! J>* 1 j 

I tjib (JUaj . J>-lj j|hX2-C <_£jjJ| 



, tt 1 234 * p a 234 + 

90 in ^ 9r a + -l e 

Thorium Protactinium Beta-Particles 

o( 8) L«l»- <* —tJ jxj ! kiJliJI ^jiJi ~ V* 

(Electromagnetic Waves) j^5 ol> 

* C5 - * ^jAjtvaJ-j (x-Rays) ao+JI ‘Oui'Sflj 

. A-CJP Ivijlj <lx£Ji <-_£OP ‘U^wJaljJi.ajj^lT cul>>j_« 

cJj>L*u LfliPj *><j . oj <-«-^l>Lii_Ll ciJ^/Lj>tllj jjtxJ Vj 

4jj3 ofjll j>U-:ll 1 p L^jjtatsj . t_ojjix —IL pjvaJi apj_^*i 

cjAr°J ^j-JljPj^jaJi jjj-valll ^IjJI US' 

jjjtj ^ ip ojjiii <x. _ — * - j Lv+jij - l? l ^^ .♦ ‘k Ii oijii ^jA «-J 

. oljUJI 

V 4jL _Li j.i^a:*ll oj^ al jj j — 4 Lfll>* ajc^I _ J -Up’j 

Cj^ ^ L)jj^lj c5j-EJI 11 ^ tAS' j-i J--JJ tjl 

<..... * U LU*j j_g-S~ C->L>-j-4 a Ub>- 4-^iI <1)1 1 ^+ai v li 

. AjjU CjL_>- OLw^Jj 


(Half-Life j*—*Jl i_i.yaj oj__X3 ^L lJj_«j L jSLLj Ijo-Tj 

<J j>j^Ul j-o joo ^j ^JLll j+z-JjJJ Period) 

4-i J-4AJ (JjjJi £jajli jl . J■ /!* .. * -)| AjjjI jJlP L-CygJ 

- \0A -- 



_o j^lS' ^j.4 i_Ai_X>J jajlJI U—o J&j . <C *S-j£ L -O+g j ,, 

JiyJ! f'! y>-\ jA LJxjI aj—« j oijiij jJij ^—gj . jaM 

. joJi jA (jvj^Aiij pLgxijj 

: (Artificial Radioactivity) ^Uuu^f JflluuJf 

amJc> Jj <JjJi jUj^llj OUjJi Uo 

Jjl>- J-5 J . Iw‘. . A JJl A . M . W J — s^llP <L^ — -^-jji J*yp I- « * ll 

I jaa^-\ Vj, J j>*Jl liiij ^»Lcj j.LaJ_ill ( j'_jU_»SLll ^ja j-LSsJl 

< U <— > Ja j ^-jjjJl Ji.flJL JJj p. gjjU —<*>- Of-Lj 

. JU-I 

juj 4 joL*J| Ax5L«jJ| OjL-l—Jl jjJ 43jixii La |»jL AjIwLj 

JpLjlJI ^ L^l_p ^yJlj ijjj_JI ojLc-UJi 

4 _j U ^ll Oji_C-LsXJi ^Aj iJj'i/l ^J-Jli * ^lXsJl 

p-^j s jJJJ t^rj^-l lSj ^I cjJ s^j^jil oLjjxO)!! jjjk j* 
j* ij-L>fca jIJJLj £yl>J cjlj^-l ol>-jJ j-J* AjjLp Jjji® ^ 
jJ ^jJl j>/> ^Jjj—j 'bf OjLfrlL- Xl l o J_& ^-3j . Ajl —laJ l 
^laju ^-U=>-ijJl j^ai *.Jl jjLLj o^Ltf-Lflj ot ^jj 4iL,<?^i/L 

. ^U-^ll J^UxJi J 



Lgjji L ^^Jlj AjjjXJl O^Lpl—iJl L«I 

L$—Jj 4^>*jll J-dJij j^a ['~.- « il olji 4 jjj! Oli OJL^£ 
C-Lgj 4_> r. : :i. .S 'j . 4jjj\I oiLi jt JLp ^ J^pr- jL 


^vaIp jj j5o £4 SillaJl ^ <JjIa cuLj-S" (jlLlj Lj jlJl o*>LpLiLJ| 
jlla_j O^LpLj ol l£ . ^ l ^ 1 j. yai . « —H ^jP - Lii *.—iil —>wj j^-T 
. <_£jjjJl ^J-pUJI 4aLx>c* ^>lj) A>-ljJl 


^lj ajjjJI oj!>UUJI J^>—O isLijJlj 

jdi j (Projectiles) ^Ua 3 I ij!>Uai £k~J jj Ujl^l 
jl (jH 1 ) oLj-Jj^l jt (qR 1 ) oLj^j-JI 

Lf*j& ^10 ^j-jdlj ^saXp sl jj ( 2 He 4 ) UJT oL^-^v jl (^H^) 

L>j5o AjLgJl I —£ Sljj J^-b (^jjj « 0 1 jla-^l 

Olli (_*_>* .,^-tj jLaOjJI j-— all j^T j—«iaj jt 0_JwL>- j>T jvi-XP 
L dUi 1 *—Xjj . 43lla-J| LbL_A oL^--ci^Lkij, 
. (NuclearReactors) _%j jii! o^ULalL 


4jjjX_J| ot>UUl_Jl Ot ^JOaJl Ua ^—5 j^JLf (jt wL—ill v^oJ 
jyflLwJl £jJ ^Jl 2JLyfl)/La 4 AjJ jJl Ailiflj ^J) (-—Aijli Lg^ljjj 

; AO'yI 4 jj jJi C-»t>UUxll j-o UUi . 4_Jjiii| 



1 - + o nl 

-» 

U Na 24 + 2 He 4 

Aluminium Neutron Sodium Alpha-Particles 

2 - ? N 14 + 2 He 4 

-» 

DO 

o 

1-^ 

+ 

X 

1—1 

Nitrogen Alpha-Particles 

Oxygen Proton 

3 - I 127 + n 1 

0 53 a + 0 n 

-> 

53 I 128 + Gamma-Rays 

Iodine Neutron 


Iodine Gamma-Rays 

4- 3 Li 7 + 1 H 1 

-4 

2 He 4 + 2 He 4 + Energy 

Lithium Proton 


Alpha-Particles Energy 

5 - 6 C 12 + X H 2 

-» 

S B 10 + jHe 4 

Carbon Deuteron 


Boron Alpha-Particles 


m 



(Nuclear Fission Reactions) 

^—JUJl 6^U-UJl jj-jiSGl 

i-jwL2 —j (^V') oli ojJUl ^.iv? (Fermi) ^ji 

^ja uL— jI, —Jl ^^j-® ♦ l -- , Ljj__jjLJL ^j__--jIjjJ| 

(fritz OL__^Sji_Ul (Otto Hahn) oL_aj^I L*j* 6LJVI 

j^a ip SjS o! JLJij O^Y^) I—«U Strassmann) 

cui-LJ Ll , ;7 0? ^ ^j*>ljj-JI 

jj^o iisl _fc LL {j*^Uaj| ^jJI aj'lU VL <lUa _Jl LJIp C^>L*j jJ j__*xlL 

: LJ^LcJJ Uij iilLJI 

92 u235 + 0 nl -> 56 BaW1 + se^ 92 +3 o n ' + Energy 

(Chain J*JLd.l J_pLJ| ^LJl JpLLJI JU Jik»j 
^JiUva? JpLLJI Ula ja <^LJl oL jjJj__JI d*\ Reaction) 

^cXXj J—d*U" c5jj-* J-pLj OjJ—(J sj^ ^j^- 1 Ijjj oj-i SIjXj 
. aUL jvIjjj ojJ> ol j-J AjJa-vaj ^^Jlj LXjL'j^j j*xJl 1 ya jf K*P 

ja ^j_jJ| IJl-aj . J—L~xl! J_pLLJ| oLj__^ j+i _j l-LSk j 



(Fission o^ULLJi o^ULcJl 

Sji sijj LJi ^- —i Lfc^j Reactions) 
Jl js a :*J1 sl y jllaJLII LJi> L (Projectile) 

A3UJI oljjj-JjLl iAP 0j£u * <jLx>e» {ji j ’ S* * " l LoljJ 

. AiliaJl aJjL oL (j! 


. ^jiljjjJI j>^a iiL® 0 ! La j-£Jj Ol -Lil jAj 

. jU^tAJ Jilill jaj ( 92 u 235 ) (rro) fA iljjJI JjVl 
J;L 5 ( 92 U 238 ) (TTA) fJr JljjJl jJiJlj 

* - t . • „ 1 1 t ti ti ^ 1 " • 


cj ; 'U 


tj v 92 / v -x vjr ■ o- jz - j 

^JiCUvilj ^jJljjJl (1)1 jSiiJ bajj C jl ia * ,JjU 


^j*iijjji (j^ */. * ,v lj ji>tj 4 jjj_ji dJt>Luii 

JlL_Xax| Lajt 4—jlU^L . < oj_4l_J( 4^-j Lp (YY*0) 


f jJ'jW' dr" y ^ “ Y <-—^ ^j^ <i^L> f js'bj-J' 


oVbM 0 - js*3i J (rro 


f jL J_JiLi JpLUJI Ula ,jJ <J OJ Jju LL viiUS' 

(jSLc LUij jUaJvMl JUj e^lil (j_« jJi 5 j>-j 

Lfejll a . * . ) l SJjJLa^ CjIjJ u Xlayaj <1)1 4^-lJf oiijjjjjJJ 

. ^JJLdl JpLJI uLjJj>o JLLj 



J ^ -L ^d 1 JpLiJl J ^■^-■•«0 eilll jAi JSi 

y* Jil L*S JJlp^-1 -Up (Critical Mass) U>-j^-i <hsC!l 
L4g -0—£Jj . J-JLciS JpUJI j 'y jil ihs(3i 

‘wS’ jS\ a~*£ jl L$J ^jjLwfl < —^»iwUri^ol xs- 

LvO—jI^ jUfl-U^J S-aJL->»l-Jkl Silii £j-J C5^ <i—X^Jl 

. LgKi 





(Fission Nuclear Reactor) 

JJlJ . 1 J-c-UJl *d>-lLj ^sj (^JJlj j^LLl jLgJj j * 

: JbJl *l>Vl cs> dj& 

t (Core of Reactor) JfcUtf k-4£ - \ 

CJI jJU j* <P jX+AA J-5wJ| S j^'- j* ® jL^ 

ijSjjl Ol ; . ^9 I^j £_■Uji ^JI j oU«_iaJI ,j*sl*j L«fU>c_j 

=>iji1 ^jdA—| Uajjj . jL.k 4—LUJi SiLll (Jjjjlll 

(_^^j ^Lj jjcJi <pj-^ jyi £jkJ dt 2jJi)i LJ (_^ilj 
(jJl 4 _jLU^L . (YITo) ^j^-JljjJI jLa—JJl aJ—^J> »„ , " ,.... 7 


(jU J^aj l1w > - JpUll Ia^> TJ 0*^ljflLl ^jA (j**5»ip ij>-j 

. { jpLll ^j U- oLjjjjCii j ^-Lp 

■■ I HImhIH* "I., .. MfS 

: (Cooling System) Jtlitf -M)*i - T 

J>-b ejljsLl ^ja CJjU oLd J~Lcdi JpUJI ^-a 
J>”l3 ijjl JjL«J| Jj£ fljljiL| o-LA jA ^jil>dJj . JpUii l„i.l 
(^jJlj o^Ip 0-LI ^lL*>* (jj jJl ^jijjL lLj>oo JpUil l-Uj 




SjW ur-® J^H jO>* (^j-J 

* *Ljj£^3l -tJjJj iO->Ljjjjdl 

*.. '*^"*~ • ■“ ' '"“ 1 1 - IMLlkv 

• ^iJJ^I O^LpUil JbjJ <Oj|jUJl f l*i>OUJ jj^C lLUwL£ 

e»L& ^j^J • fJj—i-$Jl jipj <Jj^j^Jl J — a awST ^jIj jlp _ lj .dI ^yaj 

f-Uajb J~ JLjdl (jljjJI JpLiJl 55U^» ^ 0-jilj>-l ^»U>OUsu aJU^I 

. oUjjjj^iii cS' 


s (Controlling System) f*SU/f ^Uai - T 

JjA —J ti.VJ>- JpLiij J ob—'sAJtll o-Aa ji 

oljjjjjjuil (j &Ua X aj tgj fj^j^LS3l jl <l)jjj-Jl Ji* 'L t oL>‘ 

■r,. g» 

J^jJ <ivp- JpUil <~Ji J^~b Ig-Uw^ jl lf*ij lL~=- 
J JpUil Sjji ^ JlslLj J-JudJ ^jlkJLJMl JpUdl V 

. 4iUajl jJ y 

: (Steel Shield) wkdf ^a/I -1 

Sj*>-L L-Jzj1j JpLaLLj ia._>TU L-JuJl flpj ^jP oji-P jA 

■ 


m 



; (Concrete Shield) - 0 


l$£L-w j^lJIj Oxl—iI S-JLj jjLl *LL*—** j\^r y* 

Jijj . L_.l -. J l £jJLj Jsu-^ 4 c_S-^'_^ 

Sjji oIp 1*J| i^l j —j Ljlj . 4_jj*jj J>5 ^! c-iLjjjjjxil 

• tSj^ 

: (Kinds of Reactors) U^LlA^f £f$4t 

' Ljjxll cj^LpLII uIpj^ ^rji 

(Research dA_»JVi ojLpLU ^Lj *Jj*_j JjMl £j-JI 
^ls*J, CajtJ L_LUI *i»j>Ji flJ^[_ Reactors) 

i— l a. l l JiU oJlXpxji cXjVL>^ S-Lp ^__9 ^JjixX—j ^Jlj oJXll jjliaXil 
(j-_P ^^)iiLj| J3 4—(tj ^jL_2j| il) 4 pijjilj 4_-Pb—s«aJ|j 

I-1a {jA j—>-I j-° ^ 4—«_JXl| jS’LlalU O-JlXpxII CXjLIJ—S xX-^Vl 

. UlxSJl 

(Power (j j_Ul cj^pLL ^__^L Lj_*_j ^LJI ^xilj 
^lxJj ^xj iU-sP- SilkJI ^LL ULJ-I cutApUll ^aj Reactors) 
ojj-Xi ^JUlj jLxJl jJj_J J ^ JixX_*J Sj^wJ" 4 jj|jp- <iUa 
. f-Lj^Ssll jJjJ cijLjjjJI Sjb[ 

—— -nv — — — ■ 



j Jjj Jjy —'I J^Uil oie-U—S jt ot JL—all y»j 
jUt X_ I ' o^lil oljS jl iJlJS (S}*-i\j • (ir°j^l jjj* 

jd*~ Jj~^~^ < «—^l J$ Ubjllfl »*ol ij*.. P (J j^Ji i j£ 

3 jijJl (_5^lj ^j-vJ' jJJ^l y* jr^l cr^ ^L->- 

JpUJI JJ-a- ^^Jl JJ <jsjt ‘UliSj - ^-L>^jlJ.| ^Lys»Ml 
• Jj j^' s^US' JISj ^JIULj J-J-^J .1 

(Nuclear Fusion Reactions) 

j^j»S jiSl jt Jul^LjJl o^L-pUUI y* £ji3l li* J-LL 
4 i1t S C>j^So j^l j«,ialP *lj_j ^-LJjNI l»Ls* 

illSCJi ^ ^^L—lJl IUaj - 4»t*Jjil Ajji^ I JlS £j*^>-wa yA Jit 
OjJt j^^JJl (^IjJjH' jJL—" ojiUJ U^j ^iiL aSIL J^>o 
aSUJI Jtl (E) U~>- (E = m c 2 ) ( AlbertEinstein ) ^L-iijt 
. *jyiJl Z*_yA Jii ( c ) j UxSJi Jii (m ) j 

oljS ^L j—> y> iLsigJl 4 —aUJl oi* ^j ‘aI-I ^jj 

j>-I j ■ s i. ’ . c - (_^l SJj^— —j ^LJu)(l tiilS d»A>*jj . Jr^rjjJL^Jl 

SjS ol y f-l j-Z^-'i 4—i L - ja -n ^ 4-jjj^I cCH jiU^-Jl Jji Ot >-« 




oljlJl ^jk-P OxJi Oj£j -X>-lj OjJj jj <jv— 1 >-jj-u$J| 

'II Wii®!HA -~^ g£r^ 

. jP“f y-fiCS' (^V <J*jUllj «L>L*JJ 

(Solar £i5L$Jl JLw>. ..»ll oLkil ot Li> j£i> 6? ~U—iil j 

. j+ »..t J l ^J^-b oljS ^LjU| jA Energy) 

jjUa_j T.wj L L-Jlp <U>-LoJjVl O^LpLuJl ^j 

jJauj (Deuterium ; ^H 2 ) ^jj^JjjoJI j^u ^ jjJL$JI 

. (Tritium; ^H 3 ) f jOjUI 

Lfr^-Lp Jj-^M J>Lc ojrr jj-L—^J i jjIJ i5j 

Ij-Ivclo jL *—j olk-jxllj jLOl oL« <J[i LUi (_r^[ ^W'i. . ^LJU 
L^ ^ ^a^JuJ <Uj^Lll yiUiJI oLa ^^Lp J j+a V 

. <ljl^Ji 4 jjjJ| <U>-LjuVl AiliaJl oAa 


LaJj^ ^ *^>-L^-lV{ o^ApLJI oU j*-p -I 1 ! JLfcj 

0>UUJl oi oLj?waJl oJjs p-fttj . ijjliaLJVl CjV—pUxII ^ 
<_$H J-—^ L- J L -^jI j>^<LtLL> J[ ^L^. 

JU" J^-J^jjJu $!( j?Lki <0 j-JI £tw2_jJ A_jjlll oL>-jjJi 
JpUj ^jJxX-v_j cUUJJj . ^bJJVl LLp J 4*%J j^Jl 

JpUJ! f.JLJ bj^l AilkJj oJlA ^,-JLp Jj-^2>x1J JJlo (^jlk-tJl 




• ^uxrti 



C-’ljS C/J* — Jl — II ^ Llto ^SJU o! X.<a_ ll (J-°J 

CjL>“j~L11 titeL^ 4 ^JUJl oLj-jOJI oJ-ft (^Jl^ jjj>-jj-LgJl 

LaJ^>L ll >—9j*-> ol—M ^y> SJjJj>- 0 jj-> 3 ^—1| l^jJ>o 4 ijSi.1 

ZZj-Ji » ^Lil l$_J 0j_Si d^_<>- (Plasma) 

cljJ—U I-IaJ . 4—blft LIjU- j —-U oli 6J>- oljJjlUJlj 
. Ajjjiil o*>LpUJi li “bfci 

i ^Jj U ajj jJl <u>-L«jJ'Vl o^Lc-LiJl aJjuI ^j-^j 

1 - ^H 2 4 jH 2 —> 2 He 3 4 ^n 1 4 Energy 

Deuterium Helium Neutron 

2-^H 3 4 X H 2 -> 2 He 4 4 qD 1 4Energy 

Tritium Deuterium Helium Neutron 

ajjUxUVI o*>LplijJl— j 4->-U-AjNI o*>U-lrtx3l aJjLSjCj 
L$l4 ^dlj <U>-L>JjVl a 5LlaJi Jj^aji-I Llj» SJp iillas (j| 

<*>-La-AjVl iO^ApI d"ll £jA Sj^LvJl OlpL«-i*^l 4uJ ijl 
UJiS' . 4j J lLJLj s AI o*>UUiJI ^ja aj^LvJl oUm.Vl uill' 
2iLjl, • oUx_j>J*Ij jl>xJi oUa u^rjj ‘Aj^—Jl j?UaJ J\J 

- W* - 



4iU? ^JlP l)U iblj 4iSL_k 4 jj1 j>- <iUa (JjvfljLl liiJi 

. tyjt LvO 

oLj^vajl Q^* ■> 4^-Ijj 4-^’UXVl OjLpli" H j^* ^JjUsILj 
<J l ij^J oL>-ji ^Ip ijj—«uj*^£j 

U^S’S Jij) ( ^_>-LoMij , ^ill ^JpLUI f-Ju) 4jj_ill oU-jJJl tjo^Lo 

V JpU_LI jljJLs^ L)Ji <i!3S —JJ. . (J^J jj« 

UH^* 4 (Ji LS^b ojlji-l oL>-jJ 5 J^>to il)l 

. jfryVj jl jjJ 4 j jtll OL-jjJl 

^Ij>cXu!—> Ajjj^.^gJl oU a ^Ip o—LcJI ^j-o »L»-Ln-Jl jjSLr Jij 

L^JLp ^sJI «jj-s<aJl j Lojj!_J! #.|jx>-!j JuJfc-J <j\JL>jJs 

^JjVl 4ijla—!lj . iJUJl Oj!jl-| CjLj-j- 3 jp>-jjJ—j^Jl jjUsu 

Jl>x —4 Lfc — 8 «LvJWIj . jj_JJ! 4 icul ^»|JL>c_t..*»l —iJ 

b* UrTJJ^C^ 1 j^j-» ^ cij 5 

. Jp'Uil jljJj>- 

j^3 4_jj^jxJl j—j^il o>jipLflijl jj.__o LljJ- SfU SUvwlj 

4jjjlj| Aj^-LoJU^/I OjU-Ulil OjJL>- j^C 4 j! Uajt j^JJ jt vUai.1 

oUuS U^ajl ^jJ^—1| olji ^J>\ L^Jj^-j ^jo-jjJ-^Jl oljjJ 



Sjl j£~\ c->L>-ji —5[ <1^UaJl ja 

uiUi ^—~u • L oL-jJJI c_^l tJh^ (_$—-^j 5 JjL_^J l 

j*5 ^yJlj <_->j*£J| 4 -JL*m—J l_j A-Jj^l ^yfiLRj ^IJltsIa^Li 

SjIj—=L l “^rj^ ijL_5 a__]L_J-I fiJ-& j (Aiuons) c-)Lj_ 1| jt-^L 
V cjL j*—1 l! .>j>-j ^ ^ ^LjJjVI ^sA —ij *u^miL1! 

(xsr <L-.yaL>% ^—>*j^ (jp*j L_>“ji <—oWl jjl>* Xj 

J^llg < j . Ajjll oL>- jjJl ,J—^ cju*!>lil 0jlj>- 4->J-2> £° A_)jUiL 

g-LaJjVl ^t —*^l oLjll 1 g « 5 ^_1>E—1«*J ^jXllj 4_JjjiaJl oJ. a> ^Lp- 



/ jjiSi i&u) 

4-JUSj^I 4- ijjiJl 4-^jjii j* ^jiu SjAI— 5J| jJl^a # 

. MjjjliJl 4—IjJ*il I 4—'jjJ« {j 

»L_^.-$LJl wL_^Ip jjjj—i> ^jL. & ^jM jjjjJLSL • 

. \ ^ V £ ^j>«»--» j^P 4*^L»- j* 4wd~- LJ l 

4«wL>- ja 4 -jL. LaxJl 4 jj-/2 *J| eLo_-$N il ^9 ^jlp JJ*— 1 »%^>-La # 

. Vl*\A SjaUJI 

L-a—J a_jJl 4_>jL2_*Jl frL-o-JUl 4_J—JU oljjiUi • 

. nvr r L (j^L" ui^ 4*_4L>- ((ijjLjL>-sSjjUl ^ 

^jjpl iQjpnc.._U ^jSJl jS"jlL> sApLw* L*>'L> JpLv^ # 

. \W-m£ 


. \<m-m£ r ijpf ^j^i jS'jiL vi^L • 

. \^A£~Y<W^ JjpI (JjjiJl wIpL« jL-T • 

. \VA£ ^Ip JL Jjj^JI djj>o wL ^ ^jc 3L»i • 
. \^\—\^AV j»Ip j4 oLjLUjjxJl i J-Sj • 
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